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ABSTRACT
The Sexton Mountain Area, Southwestern Oregon:
A Tectonically Imbricated Middle Jurassic 
Supra-Subduction Zone Ophiolite Complex
by
Jesse Charles Grady
Dr. Rodney V. Metcalf, Examination Committee Chair 
Professor of Geoscience 
University o f Nevada, Las Vegas
The Sexton Mountain area is a tectonically imbricated, supra-subduction zone 
(SSZyisland arc ophiolite that formed at 177 ± 3.5 Ma during inception o f a Middle 
Jurassic subduction zone which produced the western Hayfork island arc (177-166 Ma).
All pyroxenite, gabbronorite and homblende-gabbronorite bodies of the Sexton 
Mountain ophiolite were generated as SSZ magmas that were formed as wet melts from a 
variably depleted, residual N-MORB type mantle source. These plutonic bodies were 
built on top o f and intruded through serpentinized peridotite and a serpentinite matrix 
mélange unit that shares similarities with mélange o f the Rattlesnake Creek terrane.
Following emplacement o f  the plutonic bodies, aphanitic mafic bodies and dikes were 
emplaced during an interval o f  protracted mylonite formation. Aphanitic mafic rocks and 
plagiogranite was generated from the same variably depleted, residual N-MORB type 
mantle source as homblende-gabbronorite bodies. Aphanitic mafic rocks have 
geochemical signatures and mineralogies that vary from SSZ to N-MORB types with 
minor SSZ components. This observed contrast in geochemical signatures and
in
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mineralogy is thought to document the diminishing effect of subduction zone fluids 
entrained into the zone of melting during continued lithospheric extension and inter-arc 
basin formation. Collectively, the Sexton Mountain ophiolite underwent varying degrees 
of seafloor hydrothermal alteration which overprinted magmatic rocks and mylonitic 
fabrics.
The Sexton Mountain area documents a period o f lithospheric extension which 
generated SSZ/island arc crust that was followed 22 m.y. later by a period of contraction, 
imbrication and accretion onto the continental margin. The formation and emplacement 
history for the Sexton Mountain area is similar to the tectonic switching model of Collins 
(2002b) and can be applied to the Middle Jurassic convergent margin tectonic history of 
the Klamath Mountains province.
I V
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CHAPTER 1
INTRODUCTION 
Continental growth along convergent margins
Continental lithosphere grows by subduction related magmatism and accretion along 
convergent margin boundaries. Some workers (e.g. Hamilton, 1995) have recognized that 
the upper plate o f numerous convergent margins (e.g. subduction zones) are primarily in 
a state o f extension, while the dominant notion of convergent margins in geologic 
literature is one of contraction (see: Burchfiel et al., 1992; Plafker and Berg, 1994; 
Coutland et al., 2001). Recently, Collins (2002a) proposed a model where a single long- 
lived convergent margin alternates repeatedly between episodes o f extension and 
contraction by a process referred to as tectonic switching, as a mechanism for rapidly 
building continental masses over protracted intervals o f -10  m.y. Collins (2002b) 
specifically applied this model to explain continental growth and orogenesis in the 
Silurian-Devonian Lachlan fold belt o f southeastern Australia.
Periods of extension within the Lachlan fold belt are documented by the presence of 
mafic bodies that are thought to represent large island arc/backarc basins that formed 
during lithospheric extension in the upper plate of a retreating subduction zone. 
Subduction o f buoyant oceanic plateaus at the trench may have caused rapid switching to 
contraction and thickening of the overriding lithosphere by thin-skinned thrusting and 
duplex faulting (Collins, 2002b). Within long-lived convergent margin orogenic belts
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
such as the Lachlan fold and thrust belt, supra-subduction zone ophiolites document 
periods of extension-related magmatism between episodes of contraction and accretion. 
Ophiolites
Ophiolites are mafic/ultramafic bodies that occur throughout the orogenic belts of the 
world and document periods o f extension along convergent margins where the majority 
o f crustal growth processes take place. Initially, ophiolites were thought to have been 
generated only at mid-ocean ridges and then later faulted onto the continental margin 
during contractional episodes along convergent margin boundar ies. Recognition that 
ophiolitic bodies can also be generated within the upper plate o f subduction zones and 
within forearc/backarc basins, lead to the classification o f ophiolites as either MOR 
{Mid-Ocean Ridge}, SSZ {Supra-Subduction Zone}, or BAB {Back Arc Basin}. These 
classifications are based on a set o f well-established criteria (Pearce et al., 1984) that 
consist of mineral crystallization sequences, major and trace elemental geochemistry and 
overlying sedimentary cover. Classification of an ophiolitic body that has been accreted 
to a continental margin during an orogenic event can document the pre-orogenic tectonic 
setting along the convergent margin boundary.
The Klamath Mountains
The Klamath Mountains of California and Oregon are an excellent example of -300 
m.y. o f convergent margin tectonism and crustal growth (Dickinson, 2000). This 
lithologically variable and tectonically important mountain belt is a natural laboratory for 
tectonic crustal growth studies. Irwin (1989) subdivided the Klamath Mountains into four 
lithotectonic belts that consist of, from east to west: (1) the eastem Klamath terrane, (2) 
the Central Metamorphic terrane, (3) the western Paleozoic and Triassic belt and (4) the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
western Klamath terrane (Fig. 1.0). These lithotectonic belts record a protracted history 
o f magmatism, metamorphism and sedimentation that spans the middle Paleozoic in the 
east to Jurassic-Cretaceous in the west (Burchfiel and Davis, 1975; Irwin, 1989). The 
eastem Klamath terrane, which contains the Trinity SSZ ophiolite (Wallin and Metcalf, 
1998; Metcalf et al., 2000), is thought to represent the backstop for younger subduction- 
related accretionary episodes (Irwin, 2003) that range from Late Silurian to Early 
Cretaceous (Irwin and Wooden, 1999). During this period of contraction and crustal 
growth, the formation and emplacement o f three potential SSZ ophiolitic terranes are 
recognized; North Fork, Sexton Mountain and Josephine. Only the Josephine SSZ 
ophiolite (Harper, 1984) which is located in the westem Klamath terrane, has been well 
documented. The Sexton Mountain area, which is part of the westem Paleozoic and 
Triassic belt, is a potential SSZ ophiolite based on the presence and distribution of 
mapped mafic/ultramafic rocks (Page et al., 1977, 1978) (Fig. 1.0).
The Izu-Bonin-Mariana arc system
The intra-oceanic Izu-Bonin-Mariana arc/backarc system (IBM) (Fig. 1.1) and similar 
intraoceanic arc/backarc systems located in the westem Pacific Ocean (e.g. Lau backarc 
basin) are good examples o f extensional convergent margins that have been used as 
modem analogs for SSZ ophiolite formation (Stem and Bloomer, 1992; Taylor, 1992; 
Bloomer et al., 1995). These systems have been used as analogs to the formation history 
o f Klamath Mountain ophiolitic terranes (Harper, 2003; Metcalf et al., 2000).
The IBM system is thought, to have initiated at ~ 48-42 Ma by vertical “sinking” of 
gravitationally unstable old and thick oceanic lithosphere (Stem and Bloomer, 1992).
This initial subsidence preceded typical subduction that is documented in Oligocene
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
remnant arcs and is characterized by stabilization of the volcanic arc axis (Stem and 
Bloomer, 1992). Initial subsidence is termed “subduction zone infancy” and is 
documented by extremely depleted boninitic/island arc tholeiite SSZ ophiolitic crust 
which is located in the forcarc region o f the IBM system (Stern and Bloomer, 1992; 
Bloomer et al. 1995) (Fig. 1.1). The process of hinge retreat and slab rollback best 
explains the mechanism for rifting o f  the stabilized arc that occurred 30-15 m.y. ago 
which subsequently opened the Parece Vela-Shikoku and Mariana Trough backarc basins 
leaving behind the Oligocene arc system (Palau-Kyushu Ridge and the West Mariana 
Ridge) as remnant arcs (Karig, 1972; Karig et al., 1975; Taylor, 1992) (Fig. 1.1). 
Backarc-basin crust generated in the Parece Vela-Shikoku and Mariana Trough basins 
have N-MORB like geochemistries that contain slight subduction zone signatures 
(Gribble et al., 1996).
The Sexton Mountain area
Determining whether the Sexton Mountain area ophiolitic rocks formed in a forearc, 
backarc, arc or mid-ocean ridge tectonic setting will aid in documenting the spatial and 
perhaps temporal convergent margin setting between the Trinity terrane and the 
Josephine ophiolite. This study will (1) document whether mafic/ultramafic rocks near 
Sexton Mountain, Oregon constitute an ophiolite and if so, (2) determine whether the 
ophiolite formed at a MOR, SSZ, or a BAB tectonic setting, (3) constrain the age of 
crystallization o f the ophiolite by using U/Pb geochronology and (4) integrate these 
findings into the Late Paleozoic and Mesozoic convergent margin history o f  the Klamath 
Mountains in California and Oregon. This study also provides a test o f the application of 
Collins’ (2002a) tectonic switching model to the Klamath Mountain province.
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Figure 1.0. G eneralized geo log ic  map of the Klamath Mountains. 
Modified from Wyld and Wright (1988). Tectono-stratigraphic belts of 
the Klamath Mountains from Irwin (1989) are highlighted.
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Figure 1.1. Tectonic and physiographic map of the W est 
Phillippine Sea , the Izu-Bonin-Mariana arc and surrounding 
areas. The modern active Izu-Bonin-Mariana arc system  (IBM) is 
located on the right s id e  of the diagram. Rem nant O ligocene  
arcs are the Palua-Kyushu Ridge and the W est Mariana Ridge. 
P arece Vela-Shikoku Basin and the Mariana Trough are backarc 
basins formed by arc rifting and seafloor spreading. Diagram is 
from Stern and Bloomer (1992).
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CHAPTER 2
OPHIOLITE PSEUDOSTRATIGRAPHY 
Ophiolites represent oceanic lithosphere that has been accreted to continental margins 
during periods o f contraction. Ophiolites have distinct magmatic, volcanic and 
sedimentary psuedostrati graphy that has been recognized within numerous ophiolitic 
terranes (e.g. Oman (Macleod and Rothery, 1992), Betts Cove (Bedard, 1999), Trinity 
(Metcalf et al., 2000) and Smartville (Saleeby, 1990)). Ophiolite pseudostratigrapic 
sections were defined in a Penrose Conference Report (1972) which states that ophiolites 
have an up-section sequence of: tectonized mantle peridotite; ultramafic cumulates and 
layered gabbro; isotropic gabbro, diorite and trondhjemite; sheeted dike complexes; 
pillow basalt and associated volcanic breccia; and overlying sedimentary cover (Fig. 2.0).
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Figure 2.0. C lassic  ophiolite pseudostratigraphy. 
Considered a s  the type section  for ocean ic  
lithosphere which contains; tectonized mantle 
peridotite overlain by cum ulate and isotropic 
gabbros, a sh ee ted  dike com plex, pillow lavas 
and overlying sedim entary cover (P enrose  
C onference Report. 1972).
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CHAPTER 3
GEOLOGY OF THE KLAMATH MOUNTAINS 
The Klamath Mountains of California and southern Oregon consist o f an arcuate 
sequence o f ophiolitic and island-arc terranes imbricated along west-vergent east-dipping 
regional thrust faults that young to the west (Burchfiel and Davis, 1981; Hacker et al., 
1995; Irwin, 1994) (Fig. 3.0). The Sexton Mountain area is located in the northern 
Klamath Mountains and has been correlated to the Rattlesnake Creek terrane which is 
part o f the Westem Paleozoic and Triassic belt (Irwin, 1989; Irwin, 2003) (Fig. 3.0). 
Collectively, terranes o f the westem Paleozoic and Triassic belt structurally overly the 
westem Klamath terrane along the Orleans thrust fault and its correlatives (Harper 2003; 
Harper et al., 1994; Kays, 1995) (Fig. 3.0). The Westem Paleozoic and Triassic belt and 
the Westem Klamath belt document overlapping episodes of magmatism, sedimentation, 
metamorphism and contain pre-Nevadan (ca. pre ~155 Ma) and Nevadan (ca. -155-135 
Ma) related deformational features.
Westem Paleozoic and Triassic belt 
The westem Paleozoic and Triassic belt (Fig. 1.0) is located between the Central 
Metamorphic terrane and the Westem Klamath belt and is divided into terranes that 
include: the Rattlesnake Creek terrane, the westem Hayfork terrane and the May Creek
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terrane (Fig. 3.0). The Cow Creek teirane is recognized to be similar to and is correlated 
with ophiolitic units of the Sexton Mountain area (Kays, 1995) (Fig. 3.0). The Westem 
Hayfork-Wooley Creek volcano-plutonic island arc (c.a. 174-159 Ma) was built upon and 
intruded into basement composed of Rattlesnake Creek terrane ophiolitic mélange and is 
a characteristic feature of the Westem Paleozoic and Triassic belt (Wright and Fahan, 
1988; Wright and Wyld, 1994; Wyld and Wright, 1988; Donato, 1987; Donato et al., 
1996; Snoke, 1977; Saleeby et al., 1982; Hacker et al., 1995) (Fig. 3.0).
The Rattlesnake Creek Terrane
The Rattlesnake Creek terrane is a tectonically disrupted and sheared serpentinite 
matrix mélange that contains ophiolitic blocks with N-MORB to E-MORB and within- 
plate-basalt (WPB) trace element chemistries (Wright and Wyld, 1994; Donato, 1987). 
Locally, a coherent cover sequence o f Upper Triassic and Lower Jurassic volcanic, 
hemipelagic and clastic sedimentary rocks overlie the mélange. All are intruded by a suite 
o f 207-193 Ma (U-Pb zircon) gabbroic to quartz diorite plutons (Wright and Wyld,
1994). The Rattlesnake Creek mélange has been documented to extend from the southem 
most Klamath Mountains into the Marble Mountain and Applegate areas (Wright and 
Wyld, 1994; Donato, 1987; Donato et al., 1996) (Fig. 3.0). This mélange basement is 
interpreted to have formed in an oceanic fracture zone far removed from either an arc or a 
terrigenous landmass (Wright and Wyld, 1994).
The Western Hayfork-Wooley Creek Volcano-Plutonic Belt
The 174-166 Ma western Hayfork terrane consists of a stratigraphie assemblage of 
sedimentary and volcanic units derived from an island arc that are locally thought to 
structurally and stratigraphically overly the Rattlesnake Creek terrane mélange basement
10
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(Wright and Fahan, 1988; Donato, 1987; Donato et al., 1996). Sedimentary assemblages 
consist of volcaniclastic argillite and sandstone, argillite, conglomerate and radiolarian 
chert while volcanic units consist o f basalt to basaltic andésite, volcanic breccias and 
tuffs. These assemblages exhibit island-arc geochemical signatures (Wright and Fahan, 
1988; Donato, 1987; Donato et al., 1996). The western Hayfork terrane was intruded and 
contact metamorphosed by the Wooley Creek plutonic belt that has magmatic ages in the 
range o f 164-159 Ma (Wright and Fahan, 1988; Irwin, 2003) (Fig. 3.0).
The May Creek Terrane
A  high-angie fault correlated to the Salt Creek fault separates the May Creek terrane 
from ophiolitic rocks of the Sexton Mountain area (Donato, 1991 ; Irwin and Wooden, 
1999) (Fig. 3.0). The May Creek terrane consists o f amphibolite facies pelitic schist (e.g.. 
May Creek schist) that structurally overlies amphibolite facies meta-igneous schist and 
gneiss (e.g., May Creek amphibolite) (Donato, 1991). The formation age of May Creek 
protoliths is unknown but is older than 160 and 156 Ma, the magmatic ages of the Wimer 
and White rock plutons which intruded the May Creek terrane (Fig. 3.0). An east-west 
transect of samples taken across the May Creek amphibolite gave "*®Ar/̂ ^Ar ages on 
metamorphic hornblende that are all within a few million years of 150 Ma and represent 
cooling after amphibolite facies metamorphism (Hacker et al., 1995). Sense of shear and 
quartz c-axis petrofabric analyses for basal mylonitic quartzite of the May Creek schist 
indicate top-to-the-northwest thrusting of the May Creek schist over the May Creek 
amphibolite along an east-west trending southeastward-dipping ductile shear zone 
(Donato, 1991; 1992). A syn-kinematic diorite body that intruded this shear zone contains 
a U/Pb crystallization age from zircon o f 154 Ma and a ‘*®Ar/^^Ar hornblende cooling age
11
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of 153 Ma (Donato, 1992 and references within). Clearly, amphibolite facies 
metamorphism and northwestward directed thrusting o f the May Creek schist over the 
May Creek amphibolite has been documented to have occurred at around 155-150 Ma. It 
remains unclear whether or not the Salt Creek fault, which juxtaposes the May Creek 
terrane adjacent to ophiolitic rocks of the Sexton Mountain area, was active during this 
period of amphibolite facies metamorphism and northwestward directed thrusting.
Geochemical data from May Creek amphibolites represent N-MORB basalts that are 
enriched in components typical o f island arc tholeiites (e.g., Th, P, LREE concentrations) 
(Donato, 1991). Donato (1991) has shown that amphibolites o f the May Creek terrane 
have geochemical signatures that are transitional between N-MORB and island-arc basalt 
types. Protoliths o f these amphibolites are thought to have originated as oceanic crust in a 
backarc-basin tectonic setting (Donato, 1991).
The Cow Creek Terrane
The Cow Creek terrane contains ultramafic schists and amphibolites that are 
correlated with ophiolitic rocks o f the Sexton Mountain area (Kays, 1995) (Fig. 3.0).
Cow Creek greenstones, mudstones, tuffaceous units and meta-volcanic rocks 
collectively resemble the 157-152 Ma Upper Galice Formation and the 157-153 Ma 
Rogue Formation (Kays, 1992). Elk Creek ultramafic schists and amphibolites locally 
exhibit coarse grained gabbroic and diabasic textures and structurally overlie the Cow 
Creek units (e.g.. Upper Galice and Rogue Formations) along the Cedar Springs 
Mountain thrust (correlated with the Orleans fault) (Kays, 1995). The 156 Ma White 
Rock pluton intruded into Cow Creek sedimentary rocks. Elk Creek ultramafic rocks and 
the May Creek amphibolite (Kays, 1995). Cow Creek, Elk Creek and May Creek units
12
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were deformed during movement along the Cedar Springs Mountain thrust (e.g., Orleans 
fault) and again during emplacement o f the 156 Ma White Rock pluton that folded the 
Cedar Springs Mountain thrust (Kays, 1995).
The Western Klamath Terrane
The 164-162 Ma Josephine ophiolite formed in a supra-subduction zone tectonic 
setting and, along with the Rattlesnake Creek terrane, comprises the basement o f the 
Western Klamath terrane (Fig. 3.0). The Josephine ophiolite is thought to represent a Late 
Jurassic intra-arc rift basin that developed during island-arc magmatism documented by 
the 160-153 Ma Rogue/Chetco volcano-plutonic island arc (Harper, 1983).
The Galice Formation was deposited on top o f the Josephine ophiolite, Rogue/Chetco 
arc and on older Rattlesnake Creek terrane basement (Harper et al., 1994). The Galice 
Formation contains a basal hemipelagic sequence overlain by syn-orogenic flysch 
deposits. The basal Galice Formation is dominated by a volcanopelagic succession 
consisting of slatey siliceous argillite, chert, rare graywacke and metalliferous horizons 
(Pinto-Auso and Harper, 1984) and has a depositional age that is biostratigraphically and 
radiometrically constrained at 162-157 Ma (Harper et al., 1994; Pessagno and Blome, 
1990, Saleeby, 1984). The syn-orogenic Upper Galice Formation (157-152 Ma; Pessagno 
and Blome, 1990) is a structurally thickened, siliciclastic sequence dominated by 
monotonous black slates and interbedded sandstone turbidites derived from older eastern 
Klamath terranes (Miller and Saleeby, 1995).
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Pre-Nevadan Deformation 
Terranes of the western Paleozoic and Triassic belt were deformed and 
metamorphosed in an interarc setting at ~170-165 Ma (Harper and Wright, 1984; Wright 
and Fahan, 1988). Regional deformation and metamorphism in the Rattlesnake Creek 
terrane is thought to have been ongoing at 169 Ma, over by 164 Ma and preceded the 
intrusion of the 162 Ma Wooley Creek batholith (Donato, 1987; Donato et al., 1996; 
Wright and Fahan, 1988). Structural data suggest that movement on the Salt Creek fault 
was synchronous with greenschist-facies metamorphism and thrusting of the western 
Hayfork terrane over the Rattlesnake Creek terrane along the Salt Creek thrust at ~168 
Ma (Wright and Fahan, 1988).
Nevadan Deformation 
The Nevadan orogeny in the western Klamath Mountains has been well constrained 
by Harper et al. (1994). The early phase o f the Nevadan orogeny (-155 to 150 Ma) 
involved major crustal shortening by thrust faulting and deposition of the syn-orogenic 
Upper Galice Formation (Harper et al., 1994). The late phase o f the Nevadan orogeny 
(-145-135 Ma) involved continued regional metamorphism and at least local deformation 
(Harper et al., 1994). During the Nevadan orogeny, the basement of the western Klamath 
terrane was tectonically imbricated with some older Klamath terranes into generally east- 
dipping thrust sheets that young to the west (Irwin, 1994) (Fig. 3.0). The age of Nevadan 
deformation is bracketed by the presence o f Buchia concentrica (late Oxfordian-early 
Kimmeridgian) within the Upper Galice Formation and Buchia rugosa (Kimmeridgian)
14
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within the overlying, imdeformed basal Great Valley Sequence (Miller and Saleeby, 1995 
and references within).
The rocks o f the Western Klamath terrane, which is floored by the Josephine, 
ophiolite forms a thrust sheet between a coeval arc complex (Rogue/Chetco volcano- 
plutonic arc) and a slightly older arc complex (western Hayfork terrane) (Harper, 1984 
and references within) (Fig. 3.0). This process o f intra-arc basin formation and closure 
shows periodic changes from extension to contraction along the convergent margin that 
lasted for approximately 15 m.y. Thus, formation of the western Klamath terrane 
followed by the Nevadan orogeny documents a shift from extension-related crustal 
growth to contraction-related deformation and plutonism as outlined in the tectonic 
switching model proposed by Collins (2002b).
15
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CHAPTER 4
METHODS 
Mapping and Sample Collection 
The Sexton Mountain area has been mapped at a scale of 1:62,500 by Page et al. 
(1977, 1978) and is included in compilation maps by Smith et al. (1982), Irwin (1994) 
and Irwin and Wooden (1999). Reconnaissance style mapping along numerous developed 
and undeveloped roads throughout the Sexton Mountain area was preformed to verify the 
lithologie units and major structures described within these maps. Important outcrop- 
scale magmatic/tectonic relationships recognized in the field were documented with a 
digital camera and outcrop-scale sketches. Important relationships were mapped at a 
1:24,000 scale where needed. Nearly every lithologie unit within the field area was 
sampled as a hand specimen while important lithologies were sampled for geochemical or 
geochronologic analyses. O f these varieties, twenty-three samples were chosen for 
geochemical analyses, thirty-six were chosen for pétrographie analysis, ten were chosen 
for isotopic analyses and one was chosen for geochronological analyses. Geochemical, 
isotopic and geochronologic samples were chosen on the basis of: lack of noticeable 
alteration, and/or weathering; representation o f a spatially diverse mappable lithologie 
unit; or as a significant igneous/tectonic event.
17
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Petrography
Microscopic pétrographie techniques were used to (1) aid in correlation of hand 
samples and distinguish separate mappable lithologie units; (2) determine metamorphic 
and alteration assemblages; (3) determine the order of mineral crystallization; and (4) aid 
in choosing potential candidates for geochronologic analysis.
Geochemistry
Twenty-three samples were analyzed by X-ray fluorescence (XRF) for major oxides 
and seventeen trace elements/transition metals (e.g.. Ni, Cr, Sc, V, Ba, Rb, Sr, Zr, Y, Nb, 
Ga, Cu, Zn, Pb, La, Ce and Th) and loss on ignition (LOI). These samples were also 
analyzed by inductively coupled plasma mass spectrometry (ICP-MS) for twenty-seven 
selected trace elements. Ten samples were analyzed for radiogenic isotopes (Sr and Nd 
systems) using thermal ionization mass spectrometry (TIMS).
All whole rock samples were prepared into powders at the UNLV rock preparation 
room. Each sample was crushed using a Badger Jaw Crusher and approximately 100 cc of 
the chips were hand picked with rubber gloves and visually examined to eliminate 
contamination. Selected chips were split into 60 cc that were placed into a steel shatter 
box and 40 cc that were placed into a tungsten carbide shatter box. These samples were 
ground for three minutes until they were a fine powder (<70 microns). Four ml (~ four 
grams) vials were filled with each respective powder and analyzed using XRF and ICP- 
MS techniques at the GeoAnalytical Laboratory at Washington State University. Powders 
prepared in the steel shatter box were used in ICP-MS analyses while powders prepared in 
the tungsten carbide shatter box were used in XRF analyses. Analytical methods use for
18
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these techniques are reported on the WSU web page 
(www.wsu.edu:8080/~geology/Pages/Services/Geolab.html).
In order to quantify the potential contamination during sample preparation in the 
UNLV rock preparation room, 100 cc o f  quartz crystals taken from the UNLV Mineralogy 
Lab were processed and analyzed using the same techniques as with the twenty three rock 
samples used in this study. Appendix A, Part 1 lists the measured XRF and ICP-MS 
values for this quartz specimen. XRF and ICP-MS analysis for this quartz specimen report 
a non-significant amount o f contamination inherent in the preparation procedures used in 
this study.
Calculated lower limits of detection (LLD) for both the XRF and ICP-MS analyses 
preformed at WSU are listed in Appendix A, Part 2. LLD are generally lower than or 
similar to the contamination values of the quartz specimen prepared in the UNLV Rock 
Preparation room. Values o f a quartz sample prepared and analyzed at WSU are also 
shown but represent contamination inherent for procedures preformed at WSU. Calculated 
LLD and the lack of XRF major oxide and ICP-MS trace element contamination reliably 
enforce that geochemical data described within this study are significant and are non­
contaminated.
Powders analyzed for Sr and Nd radiogenic isotopes were processed exactly as that 
for ICP-MS analyses and sent to the Isotopic Geochemistry Laboratory at the University 
o f  Kansas and analyzed by Douglas Walker. Analytical methods are reported on the 
University of Kansas web page (http://tectonics.geo.ku.edu/tims.html).
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Geochronology
Three selected samples were processed for separation o f magmatic zircons for U/Pb 
iso topic dating. Such zircons should provide the age o f crystallization for these igneous 
rocks. Samples were prepared in the rock preparation and mineral separation rooms at 
UNLV. Approximately eight liters (2 gallon- ziplock bags) of each sample were crushed 
using a Badger Jaw crusher. Fine powders produced in this process were separated from 
rock chips using a 2.8mm sieve, powders were then ran in a rotap through a series of 
sieves (e.g. 1.2mm, 212pm, 150pm, 63pm) until approximately one liter of clean 63- 
150pm fraction was separated.
Heavy minerals (>3.32 specific gravity) were separated from these fractions by small 
batches (-0.2 liter) in separatory flasks containing approximately 100ml o f methylene- 
iodide ( specific gravity 3.32), rinsed in acetone and set out to dry. When dry, samples 
were brushed with a magnet to separate unwanted magnetite.
Clean heavy mineral separates were run through a ffantz isodynamic magnetic 
separator with a constant forward tilt o f 24° and initial side tilt set at 10°. Separates were 
run through with incremental changes in amps from 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2A. At 1.4 
amps, the side tilt was altered from 10° to 8°, 6°, 5°, 4°, 3°, 2°, 1°, 0°,-l°,-2° and -3° 
respectively. This process separated 18 discrete magnetic fractions and separated 
monazite, sphene and zircon from one another.
These final separates were hand picked under an microscope using a brush and one 
needle of hair attached to it. Zircons clung to the hair by static electricity and were placed 
in a separate vial. Clean zircon samples were analyzed at the Isotopic Geochemistry 
Laboratory at the University o f Kansas using thermal ionization mass spectrometry
20
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(TIMS). A detailed report o f the analytical process is found on the University of Kansas 
web page (http://tectonics.geo.ku.edu/tims.htmI).
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CHAPTER 5
MAP LITHOLOGIC UNITS AND FIELD DESCRIPTIONS 
Map units described in this study are based on previous 1 ;62,500 scale mapping in the 
Sexton Mountain area by Page et al. (1977, 1978). Figure 5.0 depicts the major lithologie 
units and structures described in this region. Dikes o f andésite, pyroxene basalt, pyroxene 
phyric-andesite and plagiogranite; and gabbro varieties ineluding: isotropic gabbro, 
mylonitized gabbro and gabbroic dikes are denoted on the map legend of figure 5.0 and 
in Appendix B with an asterix to note their exelusion from figure 5.0.
Contacts between igneous map units in figure 5.0 commonly are interpretive and do 
not represent distinct faults or structures but represent overall lithologie and petrologic 
changes within the intrusive and extrusive bodies. Previously mapped structural 
relationships are reliable but revisions and detailed analyses were made locally on the 
internal and large bounding structures between formations.
Relationships between the various map units, their spatial distribution, outcrop-scale 
magmatic and structural relationships and lithologie descriptions are described in 
Appendix B.
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P ass Oregon. Modified from Page et al. (1977,1978). Map units are color coded and described in Appendix B. 0F =  Orleans Fault, 
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CHAPTER 6
THE SEXTON MOUNTAIN AREA 
The Sexton Mountain area is located in the northernmost Klamath Mountains near 
Grants Pass, southwestern Oregon (Fig. 3.0). The area has been mapped at a 1:62,500 
scale by Page et al. (1977, 1978) and is included in compilation maps by Smith et al. 
(1982), Irwin (1994) and Irwin and Wooden (1999). In all of these cases the Sexton 
Mountain area has been interpreted as an ophiolite based upon the occurrence and 
distribution of ultramafic and mafic lithologies. Fieldwork for this study documented the 
presence of tectonized dunites and peridotites, bodies of isotropic and deformed 
gabbronorite and homblende-gabbronorite, dikes and bodies of andésite and pyroxene 
basalt, small-isolated areas containing mafic dike swarms and meta-sedimentary 
assemblages (Fig. 5.0). These rocks, collectively, document the ophiolitic nature o f the 
Sexton Mountain area and are consistent with lithologies typical of oceanic crustal 
sections as described in the Penrose Conference Report (1972).
Bounding Faults and Intrusions 
Ophiolitic rocks within the Sexton Mountain area are bound on the west and east by 
large regional scale faults that juxtapose the Sexton Mountain area adjacent to well- 
documented terranes o f the northern Klamath Mountains. The Sexton Mountain area and 
the regional bounding faults were intruded by three large mesozoic intrusions.
24
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The Sexton Mountain area is bound on the west by a west-vergent thrust fault (Page 
et al., 1978; Smith et al., 1982; Irwin, 1994). This thrust fault has been correlated to the 
Orleans fault located to the south (Harper et al., 1994) and to the Cedar Springs Mountain 
thrust to the north (Kays, 1995) (Fig. 3.0). This thrust fault has been inferred to be a 
major tectonic boundary which was active between 161 and 150 Ma (Harper et al., 1994) 
during subduction and accretion of the younger Western Klamath terrane underneath of 
the western Paleozoic and Triassic belt (Irwin and Wooden, 1999) (Fig. 5.0).
The easternmost portions of the Sexton Mountain area are juxtaposed against the May 
Creek terrane along a non-constrained faulted boundary that has been mapped and/or 
documented variously as: (1) a questionable contact (Page et al., 1977), (2) an inferred 
contact (Smith et al., 1982), (3) a normal fault and an inferred contact (Irwin, 1994) and 
(4) a thrust fault (Kays, 1995) (Fig. 5.0). Irwin and Wooden (1999) proposed that this 
contact is correlative with the Salt Creek fault exposed farther to the south which 
documents greenschist facies deformation and thrusting at 168Ma (Fig. 3.0).
Three large intrusions occupy the northeastern (White Rock pluton), southeastern 
(Wimer pluton) and southwestern (Grants Pass pluton) portions o f the Sexton Mountain 
area (Fig. 5.0). These intrusions are mapped as having either intrusive or faulted contacts 
with ophiolitic units of the Sexton Mountain area (Page et al., 1977, 1978; Smith et al., 
1982; Irwin, 1994). Uranium/lead isotopic analyses of magmatic zircons separated from 
these intrusions were reported by Irwin et al. (1999) and record magmatic ages of: 156 
Ma (White Rock pluton, Irwin and Wooden, 1999), 160 Ma (Wimer pluton. Yule, 1996), 
and 139 Ma (Grants Pass pluton. Harper et al., 1994).
25
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Tectonic Domains
The Sexton Mountain area is subdivided into tectonic domains on the basis o f the 
distribution and similarities among (1) lithologie units, (2) field observations o f intrusive 
magmatic relationships and (3) post-magmatic deformation. Boundaries between these 
tectonic domains are shown in figure 6.0 and are used to group these documented 
characteristic features. Magmatic and tectonic relationships are shown on schematic 
geological cross sections that collectively cross-cut the entire Sexton Mountain area from 
west to east (Fig. 6.1). The Sexton Mountain area consists of the Western, Central and 
Eastern tectonic domains (Figs. 6.0 & 6.1).
The Western tectonic domain contains isotropic homblende-gabbronorite bodies that 
have been intruded by andésite and pyroxene-basalt dikes. These mafic rocks structurally 
overlie or intruded a serpentinite matrix mélange unit. The serpentinite matrix mélange 
unit contains tectonic blocks of varying lithologies and metamorphic grade, and is used as 
the main boundary that separates the Western tectonic domain from the Central tectonic 
domain. Ophiolitic rocks and the mélange unit of the Western tectonic domain are in 
thrust contact with the underlying Upper Galice Formation along the Orleans thrust fault. 
The Upper Galice Formation is metamorphosed and deformed directly below the Orleans 
fault in the area of lower Joe Creek.
The Central tectonic domain contains large homblende-gabbronorite, andésite and 
pyroxene basalt bodies that differ from the Westem tectonic domain ophiolitic rocks by 
the presence of pervasive recrystallization fabrics, mylonitic shear bands and their 
location east of and structurally above the serpentinite matrix mélange unit. Magmatic 
features and relationships documented in the Central tectonic domain are similar to those
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of the Westem tectonic domain but plagiogranite and pyroxene-phyric andésite dike 
swarms which cross cut older magmatic and tectonic features were documented as well. 
Ophiolitic units o f the Central tectonic domain are structurally overlain by a sequence o f 
meta-sedimentary rocks that exhibit east-dipping foliation planes and stretching 
lineations. Black slate o f this meta-sedimentary assemblage is similar to black slate of the 
Upper Galice Formation located in the Westem tectonic domain. These meta-sedimentary 
rocks are, in tum, overlain by undeformed conglomerates and greywackes that have east- 
dipping bedding planes and comprise units o f the mid-Albian to Cenomanian Hombrook 
Formation. These features are dissected locally by northwest trending serpentinite shear 
zones.
The Eastern tectonic domain contrasts with both the Westem and Central domains by 
the presence o f lithologies o f the May Creek schist. This domain consists of basal 
peridotite and local pyroxenite that were intruded locally by homblende-gabbronorite 
bodies and dikes that have coarse grained pyroxenite margins. Structurally overlying 
these mafic/ultramafic rocks are mylonitic quartzites, pelitic-schists and meta-basites that 
resemble lithologies of the May Creek schist. In the northern portions of the domain 
mafic/ultramafic rocks and the May Creek schist units are imbricated along a series of 
sub-parallel steeply southwest-dipping serpentinite shear zones. Along the eastem 
boundary o f the Eastem tectonic domain, mafic/ultramafic rocks and May Creek schist 
units are in fault contact with the May Creek amphibolite along a steeply east-dipping 
fault designated as the Salt Creek fault. Mafic/ultramafic rocks and the overlying May 
Creek schist of the Eastem tectonic domain are inferred by the author to be in fault 
contact with underlying Central tectonic domain units. This fault bounds the Eastem
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tectonic domain to the east from the Central tectonic domain to the west. This inferred 
north-south trending, west-vergent thrust fault called the Grave Creek fault is covered by 
red conglomerates o f the Hombrook Formation.
Western Tectonic Domain
The Westem tectonic domain contains isotropic homblende-gabbronorite bodies that 
are either structurally overlying, adjacent to, bound within, or have intruded a serpentinite 
matrix mélange unit (Figs. 6.0, 6.1 & 6.2). Isotropic homblende-gabbronorite bodies are 
variably textured (fine to very coarse grained), are composed o f variable amounts of 
calcic-plagioclase, homblende and pyroxene (Fig. 6.3) and locally contain xenoliths of 
pyroxenite. Homblende-gabbronorite bodies locally transition into pyroxenite where they 
are adjacent to the mélange unit (Fig. 6.2). The textural characteristics seen within 
homblende-gabbronorite bodies of the Westem tectonic domain are similar to those 
recognized in homblende-gabbronorite bodies o f the Central and Eastem tectonic 
domains. Homblende-gabbronorite bodies o f the Westem tectonic domain differ from 
those o f the Central and Eastem tectonic domains by the presence of intruded andésite 
and pyroxene basalt dikes.
Homblende-gabbronorite bodies were intmded by numerous 0.2 m - 1.2 m wide 
andésite and pyroxene basalt dikes (Fig. 6.4). These dikes have chilled margins and in 
areas where dikelets occur and are closely spaced they can locally entrain the homblende- 
gabbronorite as xenoliths (Fig. 6.5). These magmatic features were documented in the 
Sexton Mountain, Miller Gulch, Post Mountain and Umpqua National Forest (Peak X 
4109) areas that are also dominated by the presence of a serpentinite matrix mélange unit 
(Fig. 6.0).
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Along the length of its exposure, the serpentinite matrix mélange unit exhibits a 
preferential weathering contrast between the serpentinite matrix and the blocks contained 
therein (Fig. 6.6). The serpentinite matrix in the mélange contains a pervasive tectonic 
fabric defined by anastomosing shear planes (Fig. 6.7). These shear planes dominantly 
dip steeply to the east throughout the unit but locally dip to the west near the base of 
Sexton Mountain (Fig. 6.7). Mélange blocks are exposed as scattered outcrops along 
smooth sparsely-vegetated slopes (Fig. 6.6). A large variety of blocks occur within the 
mélange, but are dominantly I m-3 m in diameter and consist o f mantle sequences 
(peridotite, harzburgite, pyroxenite etc...) (Fig. 6.7). The mélange unit also contains 
blocks o f amphibolite, meta-gabbro, meta-andesite, meta-basite, fine-grained siliceous 
rocks and granodiorite found locally along exposed portions (see Appendix B for details). 
Large (1 km x 3 km) coherent blocks o f tan, thinly-laminated mica-rich phyllite, slate and 
lineated ribbon chert are also incorporated within the mélange unit (Fig. 6.7). Irwin and 
Blome (2004) report late Sinemurian or Pliensbachian (202-190 Ma) radiolarians within 
chert located at a manganese prospect in the Wimer quadrangle (NW % sec 25, T 33 S, R 
5W) (Fig. 6.0). This locality structurally underlies pyroxene basalt at King Mountain and 
is inferred to be the same large coherent blocks o f ribbon chert and phyllite that are 
incorporated within the mélange unit. The serpentinite matrix mélange unit and 
homblende-gabbronorite bodies o f the Westem tectonic domain are in thrust contact with 
the underlying Upper Galice Formation along the Orleans thmst fault (Figs. 6.0, 6.1 & 
6.2).
The Orleans thrust fault displays a dramatic change in dip along strike. Near Walker 
Mountain (Central tectonic domain), the Orleans fault strikes north-south and dips very
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gently to the east (-0D-10D) (Figs. 6.1, 6.8). In the Western tectonic domain, the fault 
changes strike near Sexton Mountain towards the northeast and dips very steeply to the 
east (-600-800) (Figs. 6.0, 6.1& 6.2). Meta-sedimentary units o f the Upper Galice 
Formation are variably metamorphosed along the Orleans fault and range from slate to 
biotite + andalusite? schist. Strain indicators observed in the Upper Galice Formation 
such as foliation planes, boudinaged and folded quartz veins and porphyroclasts are 
exposed in river beds along lower Joe Creek directly below an exposure o f flat lying 
portions of the Orleans fault. Foliation planes strike towards the northwest and dip 
steeply (-85°) east but also dip moderately (-35-45°) southwest. Few kinematic samples 
were analyzed but top to the northwest sense o f shear was observed which is consistent 
with thrusting o f the Sexton Mountain area over the Upper Galice Formation. The 
location of the serpentinite matrix mélange unit seems to be related to steep portions of 
the Orleans fault and parallels the trace o f the fault -2-3 km to the east from Sexton 
Mountain northeastward into the Umpqua National Forest area (Figs. 6.0, 6.1).
Central Tectonic Domain
The Central tectonic domain contains similar mafic igneous units and magmatic 
relationships to the Westem tectonic domain but is distinguishable by contrasting internal 
characteristics that include: (I) location and structural position relative to the serpentinite 
matrix mélange unit and locally apparent ophiolitic pseudostratigraphy, (2) the degree of 
solid state deformation and mylonitization o f homblende-gabbronorite bodies, (3) the 
presence of coherent bodies o f andésite and pyroxene basalt, (4) intruded quartz-diorite 
plutons, plagiogranite and pyroxene-phyric andésite dike swarms, (5) the presence of
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structurally overlying deformed and non-deformed sedimentary units and (6) the 
occurrence of serpentinite shear zones.
The Central tectonic domain o f the Sexton Mountain area is located to the east o f the 
serpentinite matrix mélange unit which is used as a boundary between the Westem and 
Central tectonic domains (Fig. 6.0). Two areas within the Central tectonic domain contain 
igneous units that collectively resemble ophiolitic pseudostratigraphic sections (Figs. 6.0, 
6.1). These two localities resemble east tilted oceanic crustal sections where basement 
lithologies (e.g. Spm, Pyx) structurally underlie and are westward o f higher level 
lithologies (e.g. Gbmy, Gbi, And, Ba, Pg, PyAdk). At Walker Mountain (Figs. 6.0, 6.1, 
6.8), a body of serpentinized peridotite is structurally overlain by a body of homblende- 
gabbronorite. Where serpentinized peridotite is in contact with homblende-gabbronorite, 
the former consists o f anthophyllite-talc schist that contains numerous quartz veins (Figs. 
6.0, 6.1, 6.8). Both the peridotite and homblende-gabbronorite contain tectonic foliations 
that dip to the east while close to this contact, the homblende-gabbronorite body also 
contains centimeter-scale ductile shear zones (Fig. 6.9). Mylonitized homblende- 
gabbronorite transitions up section towards the east into isotropic homblende- 
gabbronorite which is in tum overlain by coherent bodies of andésite and pyroxene basalt 
(Fig. 6.8). Andésite and underlying isotropic homblende-gabbronorite at this locality are 
intmded by a plagiogranite dike swarm (Figs. 6.1, 6.8). Westem Elk Mountain (Figs. 6.0, 
6.10) contains a body of serpentinized peridotite that transitions eastward into pyroxenite, 
gabbronorite, isotropic and mylonitized homblende-gabbronorite. Homblende- 
gabbronorite is intmded by pyroxene basalt bodies and both are intmded by a pyroxene-
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phyric andésite sheeted dike swarm. Ophiolitic features described in these two areas are 
similar to those found in the Penrose Conference Report (1972).
Homblende-gabbronorite bodies that dominate the Central tectonic domain’s 
ophiolitic lithologies encompass larger areas then homblende-gabbronorite bodies of the 
Westem tectonic domain (Fig. 6.0). Homblende-gabbronorite bodies are lexturally 
similar to homblende-gabbronorite bodies of the Western and Eastem tectonic domains 
but locally are overprinted by tectonic foliations that dip to the east, contain centimeter- 
scale ductile shear zones and are partially to wholly mylonitized (Figs. 6.9, 6.11). 
Detailed descriptions o f mylonitized homblende-gabbronorite samples are located in the 
petrography chapter. Homblende-gabbronorite bodies o f the Central tectonic domain 
have been intruded and/or overlain by andésite and pyroxene basalt bodies.
Andésite and pyroxene basalt located within the Central tectonic domain are similar 
to those documented in the Westem tectonic domain but are large coherent bodies and 
not discrete dikes (Figs. 6.0, 6.1). Locally, andésite and pyroxene basalt bodies are 
recrystallized but lack mylonitic fabrics, structurally overlay both homblende- 
gabbronorite bodies and the serpentinite matrix mélange unit and are juxtaposed or have 
intruded mylonitized homblende-gabbronorite bodies (Figs. 6.1, 6.12). Pillow basalts 
within the Sexton Mountain area have been reported by Irwin (1994), yet pillows and 
other internal structures were not located within andésite and pyroxene basalt bodies 
during fieldwork for this study. An area located to the east of Walker Mountain contains 
pyroxene basalt bodies that exhibit quench crystal morphologies and glassy-chilled 
margins (see petrography chapter) (Fig. 6.0). Close to this area workers from the Oregon 
Department o f Geology and Mineral Industries located interlayered chert and aphanitic
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mafic bodies (T. Wiley, oral comm..). This area may prove to contain pillow structures in 
future analyses.
A common feature o f andésite and pyroxene basalt bodies is their relationship with 
mylonitized homblende-gabbronorite bodies. Andésite bodies have intruded homblende- 
gabbronorite bodies (Fig. 6.13), contain xenoliths of mylonitized homblende- 
gabbronorite (Fig. 6.14) and are observed as deformed blocks within wholly mylonitized 
portions o f homblende-gabbronorite bodies (Fig. 6.14). These teclonomagmatic features 
are also recognized at Elk Mountain, along Daisy Mine Ridge and in river beds along 
upper Joe Creek and Grave Creek (Fig. 6.0). Another common feature of andésite and 
pyroxene basalt bodies throughout the Central tectonic domain is the occurrence of 
numerous quartz-epidote veinlets. The veinlets show no preferred orientation but are 
abundant in outcrop exposures (Fig. 6.13).
Quartz-diorite plutons locally have intruded ophiolitic units and tectonic features of 
the Central tectonic domain. The 139 Ma Grants Pass pluton intruded peridotite, 
homblende-gabbronorite, the underlying Upper Galice Formation and the Orleans fault at 
Walker Mountain (Figs. 6.0 & 6.8). An isolated, narrow (<] km wide) outcrop of 
tectonized peridotite was intruded by a quartz-diorite body (Kdi?) and intrusive contacts 
are well-exposed in a local quarry found along westem Elk Mountain (Figs. 6.0 & 6.10). 
A separate quartz-diorite body (Kdi?) to the south of this quarry exposure is juxtaposed 
with andésite and homblende-gabbronorite, but intrusive contacts could not be located 
and are apparently covered (Fig. 6.0). The magmatic age for these quartz-diorite bodies 
(Kdi) are unknown but are assumed to be Cretaceous (Page et al., 1977,1978) and might 
be older.
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Plagiogranite and pyroxene-phyric andésite dike swarms intruded into homblende- 
gabbronorite, andésite and pyroxene basalt bodies of the Central tectonic domain (Figs. 
6.15 & 6.16). Plagiogranite and pyroxene-phyric andésite dikes cross-cut mylonitic 
fabrics of the Central tectonic domain. Locally these dikes have varying thicknesses 
(plagiogranite: 0.1-0.5m; pyroxene-phyric andésite: 0.02-1.5m) along strike, exhibit 
chilled margins and are subparallel to one another (Figs. 6.15 & 6.16). Pyroxene-phyric 
andésite dikes are rare and are the only occurrence of sheeted dikes (e.g. dike within dike 
geometry) within the Sexton Mountain area (Fig. 6.16).
Structurally overlying the ophiolitic units o f  the Central tectonic domain is an 
assemblage of meta-sedimentary rocks (Figs. 6.0 & 6.1). The contact between meta­
sediments and ophiolitic rocks was mapped by Page et al. (1978) and strikes roughly 
north-south where ophiolitic rocks lie to the west and meta-sediments lie to the east (Figs. 
6.0 & 6.1). Massive sulfide deposits (T. Wiley, oral comm.) associated with sulfide-rich 
andésite found along Daisy Mine Ridge are juxtaposed adjacent to the basal portions of 
this meta-sedimentary assemblage along this contact. Basal portions of the meta- 
sedimentary assemblage consist o f one to two meter interbeds o f tan, thinly-laminated 
mica-rich phyllite and stretched-pebble conglomerate that contain chert clasts and 
igneous detritus (Figs. 6.1 & 6.17). Farther to the east of the contact, meta-sediments are 
dominated by finely laminated black phyllite, which is recognized by the author to be the 
similar to the Upper Galice Formation (Figs. 6.0 & 6.1). These black phyllites exhibit 
steeply east-dipping foliations and contain turbidite-like sequences where interbeds of 
sandstone occur. Beds range from millimeter scale to 4-5 cm in thickness and locally 
exhibit slight open folding. Finely laminated black phyllite located to the east of
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ophiolitic units along Grave Creek contain 8 cm to 1 m thick pyroxene phyric-andesite 
dikes that intruded parallel to steeply east dipping foliation planes (Fig. 6.18). These 
dikes are similar to those found intruding homblende-gabbronorite and pyroxene basalt 
bodies along westem Elk Mountain (Fig. 6.16). Structurally overlying this meta- 
sedimentary assemblage and possibly pyroxene basalt bodies located at King Mountain 
are non-deformed greywacke and red conglomerates of the mid-Albian to Cenomanian 
(112-99 Ma) Hombrook Formation (Sliter et al., 1984) (Figs. 6.0, 6.1).
A body of non-deformed greywacke located along Baker Creek road contains 
fossiliferous-conglomerate beds that are steeply east-dipping and are dominated by 
gabbroic and dioritic pebbles (Fig. 6.18). Fossils consist o f gastropods and pelecyepods at 
this locality. To the east of the greywackes non-deformed, oxidized silty sands and 
conglomerates that are poorly lithified compared to the conglomeratic greywackes fill an 
intemal basin located between the Central and Eastem tectonic domains (Figs. 6.0, 6.1, 
6.23, Plate 1). These red-conglomerates are speculated to be younger then the steeply 
east-dipping conglomeratic greywacke but both comprise units o f the Hombrook 
Formation. The Hombrook Formation within the Grave Creek basin has been gently 
warped and forms a broad north-south oriented synform (T. Wiley, oral comm..).
Randomly distributed northwest-trending serpentinite shear zones cross-cut all 
tectonomagmatic and sedimentary features o f the Central tectonic domain (Fig. 6.0). 
These shear zones are 1 -500m wide, are steeply dipping and are composed completely of 
serpentine.
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Eastern Tectonic Domain
The Eastern tectonic domain contains some of the same ophiolitic units exposed in 
the Western and Central tectonic domains but contrasts with them by the presence o f (1) 
large bodies o f serpentinized peridotite, (2) May Creek schist lithologies, (3) closely 
spaced northwest-oriented serpentinite shear zones and (4) two large scale bounding 
faults.
The Eastern tectonic domain contains large bodies of peridotite and local pyroxenite 
that is commonly serpentinized (Figs. 6.0, 6.1, 6.19). Peridotite bodies locally exhibit 
steep east-dipping anastomosing shear planes (Plate 1). These ultramafic bodies are 
intruded locally by isotropic homblende-gabbronorite bodies and dikes that are orientated 
northwest-southeast and range from 10 to -50m  wide (Fig. 6.20, Plate 1). Locally 
isotropic homblende-gabbronorite bodies and dikes transition into coarse grained 
pyroxenite predominantly near gabbroic intrusive margins (Fig. 6.20, Plate I ). 
Structurally overlying and imbricated adjacent to mafic/ultramafic rocks of the Eastern 
tectonic domain are mylonitic quartzite, pelitic-schist and meta-basite that comprise 
lithologies o f the May Creek schist (Figs. 6.1, 6.21, Plate 1).
Stratigraphically, units o f the May Creek schist consist of an up-section sequence of 
mylonitic quartzite structurally overlain by quartz-biotite-white mica-gamet schist and 
both are interbedded with lesser schistose oxide- and sulfide-rich meta-basite that 
contains feldspar and pyrite porphyroclasts. Basal fine-grained mylonitic quartzite 
exhibits abundant tight folds (35° interlimb angles) that contain an east-dipping axial 
planar foliation (Fig. 6.21, Plate 1). Southeast-trending moderately dipping stretching 
lineations dominate the May Creek lithologies (Plate 1). Foliations measured in May
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Creek schist and metamorphosed gabbroic units define three general orientations which 
are spatially controlled and consist of; (1) north-to-northeast striking, east-dipping 
foliations that parallel the western intrusive contact o f the Wimer Pluton; (2) southeast 
striking, southwest dipping foliations that sub-parallel closely-spaced serpentinite shear 
zones; and (3) north-south striking, east-dipping foliations that parallel the Salt Creek 
fault (Plate 1). Pétrographie and kinematic data for eight oriented samples taken from 
units o f the Eastern tectonic domain are listed in Appendix C, Part 1 and their locations 
are plotted on Plate 1. These data were to be used to assess the mineralogy and overall 
sense of shear imposed upon the lithologie units located in the Eastern and portions of the 
Central tectonic domains (Plate 1). Prepared thin sections were oriented parallel to 
stretching lineations and perpendicular to foliation planes which are listed for each 
sample in Appendix C, Part 2. Samples from basal mylonitic quartzite and the May Creek 
amphibolite (Plate 1 ; samples 1 and 7) show top-to-the-northwest sense of shear which is 
consistent with sense o f sheai" data from the May Creek terrane (Donato, 1992). These 
data are insufficient to qualitatively assess the sense o f shear for the May Creek schist 
units located in the Eastern tectonic domain. On the other hand, sufficient field and 
pétrographie data indicate that: (1 ) mylonite quartzite, quartz-biotite-white mica-gamet 
schist and meta-basite lithologies found structurally above ophiolitic units of the Eastern 
tectonic domain are identical to May Creek schist units documented in the May Creek 
terrane by Donato (1992) and (2) measured foliations parallel large tectonic features that 
include the Wimer pluton, serpentinite shear zones and the Salt Creek fault. 
Mafic/ultramafic rocks and the overlying May Creek schist units are locally imbricated
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together along a series o f northwest-southeast striking, sub-parallel steeply southwest- 
dipping serpentinite shear zones (Fig. 6.22, Plate 1).
Serpentinite shear zones of the Eastern tectonic domain commonly are closely spaced 
(lO’s of meters), exhibit varying thicknesses and internally contain steeply southwest- 
dipping anastomosing shear planes (Plate 1 ). Contacts between the serpentinite bodies 
and the May Creek schist units are interpreted to be faults (Plate 1 ). Northwest-southeast 
oriented lenticular diorite and gabbroic bodies are either faulted adjacent to- or intruded 
parallel to- the serpentinite shear zones (Plate I). Features that comprise the Eastern 
tectonic domain are bound on the east and west by large scale faults.
Along the eastern margin o f the Eastern tectonic domain, mafic/ultramafic rocks and 
May Creek schist units are in fault contact with the May Creek amphibolite along a 
steeply dipping fault designated as the Salt Creek fault (Irwin et al., 1999) (Figs. 6.0, 6.1, 
Plate 1 ), The Salt Creek fault is not exposed in the southern portions o f the Eastern 
tectonic domain where the 160 Ma Wimer pluton has intruded into both the Sexton 
Mountain area and May Creek terrane units cross-cutting and obscuring this fault (Plate 
1). Foliation planes on both sides of the fault are steeply east-dipping, but rare peridotite 
foliation planes adjacent to the fault dip towards the west (Plate 1). Measured fold hinges 
and mineral lineations within the May Creek amphibolite adjacent to the fault plunge 
moderately towards the southeast and are similar to those measured by Donato (1994) 
(Plate 1 ). The Salt Creek fault is truncated by a possible east-west transverse fault where 
the May Creek amphibolite has been translated towards the west and into an area where 
intense southeast-striking serpentinite shear zones dissect the May Creek schist and 
underlying peridotite o f the Eastern tectonic domain (Plate 1 ). This transverse structure
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has been recognized to be a continuation o f one mapped by Page et ai. (1978) located to 
the east within the May Creek amphibolite (Figs. 5.0, 6.0).
Mafic/ultramafic rocks and the overlying May Creek schist units of the Eastern 
tectonic domain are inferred by the author to be in fault contact with underlying Central 
tectonic domain units (Figs. 6.0, 6.1, 6.23, Plate 1). This inferred north-south striking, 
west-vergent thrust fault named here as the Grave Creek fault is speculated to be younger 
than structurally underlying slates of the Upper Galice Formation and older than the 
Hombrook Formation which covers the fault (Figs. 6.0, 6.1, 6.23, Plate 1).
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Figure 6.0. Map showing the Western, Central and Eastern tectonic 
domains of the Sexton Mountain area. White dashed lines are the 
tectonic domain boundaries. Unit colors are the sam e as in Figure 5.0. 
Importatnt geographic features are labeled. DMR= Daisy Mine Ridge; 
BCR= Baker Creek Road; GCB= Grave Creek Basin; UNF= Umpqua 
National Forest; SCF= Salt Creek Fault; WEM= western Elk Mountain. 
Red dots signify important locations that include: MP= radiolarians in a 
M anganese prospect; Pillows?= possible locality with pillow basalts. 
Black boxes bound areas that resemble oceanic crustal sections. Solid 
black lines with black letters are cross-setion lines shown in Figure 6.1. 
Modified from Page et al. (1977,1978).
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Figure 6.2. Looking North towards Sexton  Mountain near Grants P ass , Oregon. 
Adjacent to Sexton  Mountain the Orleans fault (black line with teeth) p laces ophiolitic 
rocks (Spm el, GbI/Andk, Pyx, and GbI?) on top of the G alice Formation (Jgal). Here 
the O rleans fault ch a n g es from nearly flat lying to steep ly  east-dipping. E xposures of 
the serpentlnlte-matrix m elange unit (Spm el) spatially originates at Sexton  Mountain 
and parallels steep-dlpping portions of the O rleans fault towards the northeast. Spm el 
is structurally overlain/intruded by isotropic hom blende-gabbronorite (GbI) which are 
in turn Intruded by andeslte  dikes (Andk). Locally pyroxenite (Pyx) is found near  
contacts betw een  GbI and Spm el. Ophiolitic rocks, the Galice Formation, and the  
Orleans fault are Intruded and cut by the 139 Ma Grants P a ss  Pluton (Jqd). Interstate 
5 (1-5) show n for scale.
Figure 6.3. M agmatic textural variations s e e n  within isotropic 
hom blende-gabbronorite units docum ented within all of the tectonic  
dom ains. Locally fine-to-coarse grained isotropic hom blende- 
gabbronorite (Gbi) transitions into pyroxenite (Pyx). This occurs 
predominantly near gabbroic intrusive margins. Red line is 6  cm long.
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Figure 6.4. Mafic dikes (Andk, Pybdk) intruded into isotropic hom blende-gabbronorite (Gbi). (A) -O n e  m eter wide 
an d ésite  dike intruded into Gbi at Sexton Mountain. Dikes at this locality exhibit chilled-margins. Hammer is 36  cm  
long. (B) ~ 7  cm wide pyroxene basalt dike intruded into Gbi at Miller Gulch. Dike exhibits chilled-margins. Card is 20  
cm long.
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Figure 6.5. Various close-up  photos of aphanitic mafic dikes (Andk. Pybdk) intruded into isotropic 
hom blende-gabbronorite (Gbi). (A) Chilled margin of a pyroxene basalt dike in the Umpqua National 
Forest area. (B) Irregular chilled margin of an andésite dike at Sexton Mountain. (C) Three -  1 cm  
wide A ndésite dikes (Andk) entraining Gbi a s  xenoliths at Sexton  Mountain. Handlens is 3 cm long.
Figure 6 .6 . Photos showing the geom orphic expression of 
Spm el. (A) South-facing slop e  at Sexton  Mountain. (B) W est- 
facing slop e near P ost Mountain. Both areas show  preferential 
weathering contrast betw een com petent blocks and 
incompetant serpentinite matrix. Unit a lso  exhibits sparsley  
vegetated  slopes.
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Figure 6 .7 . Readout exposures of the serpentinite matrix m elange unit. (A) Along the south-facing slop e at Sexton  
Mountain steep ly  west-dipping foliation in SPm el is defined by anastom osing shear-p lanes within a serpentinite matrix. 
The majority of m easured  foliation p lanes dip steep ly  to the east throughout the Spm el unit. Hammer is 36  cm long and 
parallel to foliation. (B) A large block of peridotite in Spm el at Sexton Mountain. C lasts of th e se  s iz e  are typical throughout 
the exposure of Spm el but are occasionally  dwarfed by very large coherent blocks. Hammer is 36  cm long. (C) Contact 
(black line) betw een Spm el and a large coherent block of tan, thinly-laminated mica-rich phyllite and interbedded ribbon 
chert. Irwin and Blom e (2004) report late Sinemurian or P liensbachian (190- 202  Ma) radiolarians located within chert of 
this type locally in the Spm el unit. Roadcut is approximately 5 m eters high.
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Figure 6.8. Looking South towards Walker Mountain near Grants P a ss , Oregon. Here 
the low-angle O rleans fault (black line with teeth) p laces ophiolitic rocks (Spm , Tsch 
schist, Gbmy, Gbi, And, Ba, and Pg) on top of m etam orphosed rocks of the Galice 
Formation (Jgal). Ophiolitic rocks, the G alice Formation, and the O rleans fault are 
intruded and cut by the 139 Ma Grants P a ss  Pluton (Jqd). Interstate 5  (1-5) is shown  
for sca le.
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Figure 6 .9 . Ophiolitic rocks (Spm, Gbmy) found structurally above the O rleans fault at Walker Mountain. In both 
c a se s , the tectonic fabric dips to the east. (A) Tectonic fabric in serpentinized peridotite defined by a mineral 
alignm ent foliation. Pencil is parallel to the strike of the foliation. (B) Tectonic fabric in mylonitized hom blende- 
gabbronorite defined by a mineral alignm ent foliation. Black line is parallel to strike of foliation. Tectonic fabric is 
cut by num erous mylonitic shear z o n e s  (red line). Hammer in both photos is 36 cm long.
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Figure 6 .10 . (A) Intrusive contact betw een  a quartz-diorite pluton (Kdi?) and serpentinized peridotite exp osed  in a local 
quarry along w estern  Elk Mountain. The quarry is approximately 15 m eters high from the b a se  of the road. (B) 
Approximate lithologie contacts at Elk Mountain. View is to the North.
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Figure 6.11, M agmatic textural variations and tectonic fabrics in 
mylonitized hom blende-gabbronorite units of the Central tectonic domain. 
Isotropic hom blende-gabbronorite (Gbi) varies from partially to wholly 
mylonitized at a local sca le . (A+B) Relict coarse-grained isotropic 
hom blende-gabbronorite within mylonitized hom blende-gabbronorite. 
(A,B+C) T h ese  rocks are cut by discrete centim eter sca le  m ylonite-shear 
zon es. (C) Gbi unit is wholly deform ed to Gbmy. H andlens show n for 
scale.
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Figure 6 .12 . A coherent body of coarse-grained pyroxene basalt (Ba) that structurally 
overlies the serpentinite matrix m elange unit (Spm el) at King Mountian. T h ese  
basalts are cut by steeply  east-dipping serpentinite shear z o n e s  (Spsh). Hammer is 
36  cm long.
B
Figure 6 .13. (A) A ndésite (And) at Roberts Mountain that contains a 
xenolith of isotropic hom blende-gabbronorite (Gbi). Both are cut by 
quartz-epidote veinlets.(B) Chilled margin of an andésite body (And) 
that intruded into Isotropic hom blende-gabbronorite (Gbi). Hammer 
and handlens are show n for scale.
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Figure 6 .14. Relationship betw een mylonitized hom blende-gabbronorite (Gbmy) and andésite  (And) at Roberts Mountain. 
(A) A ndésite (And) containing num erous quartz-epidote vein lets and xenoliths of myonitized hom blende-gabbronorite 
(Gbmy). (B) Distinctive clast of quartz-epidote bearing andésite (And) within mylonitized hom blende-gabbronorite (Gbmy). 
Boundaries are defined by sharp shear zo n e  contacts. Handlens is show n for scale.
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Figure 6.15. Piagiogranite dike swarm in ophiolitic units (And and Gbi) 
located at Walker Mountain. (A) Varying thickness and chilled margins 
of a piagiogranite dike intruding And. (B) Trace of a  piagiogranite dike 
intruding isotropic hom blende-gabbronorite found structurally below  the 
andésite unit. (C) Outlines of piagiogranite dikes intruded into andésite  
in a sub-parallel fashion. Red line is 36 cm long. Hammer in photos is 
36  cm long.
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Figure 6 .16. Pyroxene phyric-andesite (PyAdk) sh eeted  dike swarm located in a quarry along w estern Elk Mountain. (A) 
Intrusive relationships. Older hom blende-gabbronorite (Gbi) is intruded by pyroxene basalt (Ba) and both are intruded by 
the sh ee ted  dikes (PyAdk). Sm aller an d ésite  dikes are sub-parallel to this larger dike. (B) C lose-up of PyAdk. Clear dike 
within dike contacts are visible on this surface. Hammer is 36  cm long. Notebook is 15 cm long.
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Figure 6.17. Structurally lowerest and w estern m ost formation of the 
m eta-sedim entary assem b lage  located in the Central tectonic domain. 
(A) Stretched pebble conglom erate. Chert c lasts are within a matrix of 
ign eou s detritus. Long axis of c lasts  and foliation planes dip steeply to 
the east. (B) Tan, thinly-laminated mica-rich phyllite is interbedded with 
stretched pebble conglom erate. T h ese  rocks collectively resem ble  
interbedded chert and tan phyllites located a s  coherent blocks within the 
serpentinite-matrix m elange unit (SPm el). Hammer is 36 cm long.
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Figure 6.18. (A) Finely-laminated black phyllite of the Upper Galice 
Formation that is the dominant lithology for the Central tectonic domain 
m eta-sedim entary assem b lage . Phyllite contains steeply  east-dipping  
foliation planes. Here along G rouse Creek road, -1  m eter wide 
pyroxene phyric-andesite dikes intruded parallel to foliation planes 
within the phyllite. T h ese  phyllites are in contact with the ophiolitic unit 
to the w est. (B) Undeformed Hornbrook formation consisting of 
greyw acke with fossiliferous conglom erate beds. Here along Baker 
Creek Road, conglom eratic b eds dip steeply to the e a st and consist of 
gabbo and diorite pebbles with gastropod and pelyceopod fossils  which 
are mid-Albian to Cenom anian in ag e . Hammer is 36  cm long.
58
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
w m
# # # '
Figure 6 .19 . Com m on lithologies within the Spm  units of the Eastern  
tectonic domain. (A) Serpentinized peridotite. This lithology is 
dominant and is characterized by its "warty" apperance of more 
resistant pyroxene crystals within a serpentized matrix. (B) 
Pyroxenite. Very coarse-grained pyroxenite occurs locally in the Spm  
unit but is preferentially located near hom blende-gabbronorite 
intrusive margins. Hammer is 36  cm long. H andlens is 3cm long.
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Salt Greek Fault
Figure 6.20. (A) A hom blende-gabbronorite dike (Gbi) intruded into 
serpentinized peridotite (Spm ) at P eak  X 3741. This NW-SE trending 
dike contains xenoliths of the serpentinized peridotite host and has 
pyroxenite m argins (Pyx).The Salt Creek fault that juxtaposes the May 
Creek amphibolite (Mca) against ophiolitic rocks of the Eastern  
tectonic domain is approximately located for reference. WRP= White 
Rock Pluton. Hammer is 36  cm long.
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Figure 6 .21. Units of the May Creek schist that structurally overlie and 
are imbricated adjacent to ophiolitic units of the Eastern tectonic 
domain. (A) Mylonite quartzite. Southeast dipping axial-planar fold 
su rfaces m ake up the dominant foliation in this outcrop. A large 
boudin cuts up foliation towards the northwest. (B) This outcrop 
contains quartz-biotite-white m ica-gam et schist interbedded with 
m eta-basite that contains feldspar porphyroclasts.These two 
lithologies are com m only exp osed  a s  stacked fault slivers bound 
b etw een  serpentinite shear zones.
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Figure 6 .22 . Looking w est into the northern portion of the Eastern tectonic dom ain of the  
Sexton Mountain area. This photo w as taken from the May Creek amphibolite which is 
located on the e a st side of the Salt Creek fault. This photo sh ow s the geom orphic  
expression  of northw est-southeast striking, steep ly-southw est dipping serpentinite shear  
z o n e s  (Spsh) that juxtap oses lithologie units of the May Creek schist (Mes, Mob) adjacent to 
ophiolitic units of the Sexton  Mountain area (Spm). Lithologie contacts are con cea led  but 
are inferred to be faults.
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Figure 6 .23 . Structural relationships m apped and inferred for the southern portions of the Eastern tectonic domain. View  
is to the South. Central dom ain ophiolitic rocks (Gbi/And) are structurally overlain to the e a s t  by the U. G alice Formation 
(Jgal) which is in turn overlain by conglom eratic greyw ackes of the Horn brook Formation (Khb). T he U. Galice 
Formation and Hornbrook Formation exhibit steeply  e a st  dipping foliations and steeply dipping conglom eratic beds, 
respectively. Poorly lithified, red oxidized silty sa n d s and coarse  conglom erates of the Hornbrook Formation are m ostly 
flat lying and fill an internal basin located b etw een  the Central and Eastern dom ains (highlighted). T h ese  conglom erates  
are specu lated  to be younger then the conglom eratic greywacke. Eastern domain serpentinzed peridotites (Spm ) are 
structurally overlain by mylonitic quartzite (Mcqm) which is in turn overlain by interbedded pelitic sch ist (Mes) and m eta- 
basite (Mcb) which all com prise the May Creek schist. Similar to the W estern tectonic domain, basal ophiolitic rocks of 
the Eastern tectonic dom ain are inferred to structurally overly the U. G alice Formation along an w est-vergent thrust 
fault, called the Grave Creek Fault, which is covered by the Hornbrook Formation. This thrust fault is constrained in a g e  
to be post-G alice (157-152  Ma) and pre-Hornbrook (mid-Albian) and is a major tectonic boundary betw een ophiolitic 
rocks overlain by the May Creek schist and ophiolitic rocks that are overlain by the U. G alice Formation.
CHAPTER 7 
PETROGRAPHY
Samples for pétrographie analysis were chosen on the basis o f spatial distribution to 
aid in the lithologie classification o f map units and for determining the petrogenesis of 
major lithologie units. Pétrographie analysis includes all samples used in geochemical 
and geochronological analyses. The distribution o f these pétrographie samples is shown 
in Figure 7.0.
Pétrographie observations o f ultramafic/mafic rocks and other igneous rocks from the 
Sexton Mountain area indicate a variety o f primary igneous mineral assemblages and 
textures overprinted by varying degrees o f metamorphic alteration. Regardless o f the 
degree (percent) of alteration, all samples have similar assemblages of secondary 
greenschist-facies overprints but still preserve original igneous features. Commonly 
pyroxene is altered to uralite (aggregate o f fine-grained amphibole) and plagioclase is 
altered to sausserite (aggregate o f epidote, zoisite and fine grained sericite). Hornblende 
is commonly altered to actinolite and less commonly to chlorite and/or tremolite. 
Plagioclase composition was determined by the use o f the Michel-Levy method and 
methods using refractive indicies described in Nesse (1991). Mineral and alteration 
percentages were determined by visual estimation.
64
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Mantle Lithologies
Mantle lithologies are extensively altered but contain primary mineralogy of olivine, 
pyroxene and minor opaque oxides.
Dunite
Sample SMdun (Figs. 7.0, 7.1a) was taken from a large body of ultramafic mélange at 
Sexton Mountain and contains an original hypidiomorphic granular texture of equant 
pseudomorphic outlines of olivine that have been completely replaced by serpentine. 
Sub-rounded opaque oxides sparsely fill spaces in between olivine pseudomorphs. 
Anthophyllite crystals (1 cm-8 cm) occur as radiating aggregates that overgrew original 
textures (Fig. 7.1a).
Peridotite
Sample NExen is a xenolith o f ultramafic rock entrained in a gabbroic dike that 
intruded ultramafic basement in the northeast portion of the field area (Figs. 7 .0 ,7.1b). 
This sample contains original pyroxene and minor opaque oxides within a serpentinite 
matrix. Rare 1 mm-3 mm subhedral hexagonal pyroxenes exhibit rare simple twinning, 
are moderately uralized (10-35%) and have metamorphic coronas o f tremolite and 
chlorite. Serpentine is extensively altered (-90% ) to talc, light green chlorite and blue 
zoisite with occasional anhedral blebs of calcite (Fig. 7.1b).
Pyroxenite and Gabbronorite
Pyroxenite samples are coarse grained and consist of approximately 100% pyroxene 
crystals. Locally pyroxenite transitions into gabbronorite that contains -60%  pyroxene
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crystals while the remainder is composed of plagioclase. These rocks are moderately 
altered to uralite.
Websterite
Sample NEcpx is located along the margins of homblende-gabbronorite dikes that 
intruded peridotite basement (Figs. 7.0, 7.2). Rocks exhibit inequigranular seriate texture 
composed entirely of 1 mm-3 mm diameter, clinopyroxene and orthopyroxene crystals 
that are moderately uralized (-30%) (Fig. 7.2a). A minor amount of pyroxene crystals 
have pale tremolite and light-green actinolite coronas (Fig. 7.2b). No plagioclase was 
found in this sample.
Gabbronorite
Sample EMcpx represents an area that transitions from pyroxenite into gabbronorite 
into homblende-gabbronorite located along the western side of Elk Mountain (Figs. 7.0, 
7.3). This sample consists o f 40% calcic plagioclase (labrodorite), 30% clinopyroxene, 
30% orthopyroxene and trace-opaque oxides. This sample exhibits inequigranular seriate 
textures. Plagioclase (0.25 mm- 1.5 mm) is subhedral to anhedral and encloses pyroxene 
(Fig. 7.3b). Pyroxene crystals (0.25 mm- 2.5 mm) are subhedral, commonly equant and 
poikiolitically enclose plagioclase and pyroxene crystals (Fig. 7.3a). Trace opaque oxides 
are anhedral. Pyroxene is moderately (30%) uralized and in places (10-15%) rimmed by 
hornblende, which has been altered to light green actinolite (Fig. 7.3a).
Gabbroic Rocks
All gabbroic rocks are phaneritic with inequigranular seriate textures. Gabbroic 
bodies consist dominantly of plagioclase, hornblende, orthopyroxene and rare
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clinopyroxene. Some samples contain subequant pseudomorphs of fine-grained actinolite 
and serpentine, which may be alteration products o f pyroxene.
Hornblende-Gabbronorite
Isotropic homblende-gabbronorite is represented by ten samples (SMgb, SMchr, 
MGgb, MGchl, MGch2, EMI 1, WMgb, PMgb, NEgbl, and Negb3) (Fig. 7.0). Primary 
igneous minerals in these samples are variably altered to secondary minerals that 
pseudomorph or mask primary textures. Samples are composed primarily of plagioclase 
(40-70%), orthopyroxene (0- 35%) and homblende (0-50%) with trace amounts of 
opaque oxides.
Plagioclase crystals are equant tabular crystals with terminated ends that are 
dominantly subhedral but anhedral textures occur. Crystals vary from 0.5 mm -  4 mm but 
are dominantly 1 mm-2 mm in size. Plagioclase crystals exhibit albite, carlsbad and 
simple twins and are normally zoned. Plagioclase is pitted, has a sieve texture and is 
altered at various degrees (10 -  100%) to sausserite (epidote, zoisite, sericite). 
Sausseritized plagioclase is recognized as fine grained, light brown, high-relief patches 
that preferentially replace more calcic cores (Fig. 7.4b). Plagioclase crystals exhibit a 
preferential orientation locally, which resembles cumulate layering. Plagioclase is locally 
more intensively altered than pyroxene.
Euhedral to subhedral, sub-hexagonal, orthopyroxene (0.5 mm -  1 mm) exhibits good 
90° cleavage, parallel extinction and exhibits various degrees o f  alteration to uralite (5- 
80%), epidote, zoisite, clinozoisite and serpentine. Orthopyroxene is locally rimmed by 
homblende that is altered to tremolite and actinolite (Fig. 7.4a). Pyroxenes are locally
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more intensively altered than plagioclase. Rare clinopyroxene crystals exhibit second 
order birefringence, inclined extinction and are variably uralized.
Homblende (0.5 mm -  9 mm) occurs as light green to pale brown, euhedral to 
subhedral crystal masses with 60°/120° cleavages or as anhedral interstitial blebs. 
Commonly homblende poikiolitically encloses plagioclase, pyroxene and opaque oxides 
(Fig. 7.4b,c). Homblende crystals in these rocks are thoroughly altered to actinolite (10- 
80%), chlorite and tremolite that occur as acicular rims and cores.
Trace anhedral to acicular blebs o f opaque oxide occurs interstitially and are enclosed 
in some crystals.
Deformed and Mylonitized Homblende Gabbronorite 
Deformation fabrics are developed in homblende-gabbronorite bodies. Homblende- 
gabbronorite bodies locally exhibit various degrees o f strain up to ductile deformation 
and exhibit deformational features ranging from small-scale shear bands to pervasive 
ultramylonite. Ductile deformation is recorded over a large area in the field and can be 
seen within outcrops as small-scale widely dispersed deformation bands or as narrow-to- 
widely dispersed intense areas o f deformation. Acicular actinolite and epidote group 
minerals overprint the mylonitic matrix material.
Small-Scale Shearing
Samples GCgb and Emchr are representative o f this degree of deformation (Figs. 7.0, 
7.5a). Locally gabbroic rocks exhibit I mm-2 mm wide shear bands that are not well 
developed but can be widely distributed at an outcrop scale. Some shear bands exhibit 
grain size reduction where the matrix is very fine-grained mylonite with homblende and
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plagioclase crystals entrained as porphyroclasts (Fig. 7.5a). Plagioclase crystals have 
deformed twin lamellae and contain numerous brittle fractures (Fig. 7.5a). 
ShearBanding/Grain Size Reduction
Sample RMgb contains well developed mylonitic shear bands that dismember 
gabbroic rocks and is representative of this degree of deformation (Figs. 7.0, 7.5b). 
Prevalent grain size reduction of homblende-gabbronorite bodies is transitional with 
ultramylonite samples (Fig. 7.5b)
Ultramylonites
EMup and RM21b are representative samples of areas that contained intense widely 
dispersed deformation features and ultramylonite shear bands (Figs. 7.0, 7.5 c,d). 
Porphyroclasts are remnant homblende-gabbronorite within a -90%  ultramylonite matrix 
(Fig. 7.5c). Porphyroclasts contain feldspars that have deformed twin lamellae, 
homblende and pyroxene that show grain size reduction and pinch and swell textures 
(Fig. 7.5c). Ultramylonitic matrix is composed of numerous shear bands that have 
entrained pyroxene and plagioclase crystals as porphyroclasts that are now altered to 
clinozoisite, epidote, actinolite and calcite (Fig. 7.5d). These rocks contain an overgrowth 
assemblage of actinolite and epidote.
Aphanitic Mafic Rocks 
These rocks are dikes that intmded homblende-gabbronorite bodies and are exposed 
as large bodies located stmcturally above or adjacent to homblende-gabbronorite bodies. 
At Elk Mountain, pyroxene basalt intmded homblende-gabbronorite and both are 
intruded by a pyroxene phyric-andesite sheeted dike swarm.
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Andésite
Andesitic rocks are represented by four samples (PMba, SMba, RMba, and Wmba) 
(Fig. 7.0). Two of these samples are dikes intruded into homblende-gabbronorite and 
two are bodies overlying or adjacent to homblende-gabbronorite bodies. These rocks 
contain variably altered mineral assemblages and one sample (WMba) retains igneous 
textures but is recrystallized.
Andesitic samples are aphanitic (0.25 mm-1 mm), holocrystalline rocks that consist 
primarily o f homblende (50-60%), plagioclase (20-42%) and opaque oxides (1-15%). 
Ophitic to sub-ophitic textures are common and crystals are randomly oriented (Fig. 
7.6a,b). Homblende is light green, subhedral and exhibits good 60°/120° cleavage. 
Homblende is dominantly anhedral and partially to wholly encloses plagioclase laths and 
equant homblende crystals (Fig. 7.6a,b). Homblende has been altered variably to fine­
grained actinolite and tremolite (30-80%). Plagioclase exhibits simple and albite 
twinning; and acicular and subhedral to anhedral crystals where occasionally they occur 
as rectangular laths. Plagioclase variably has been altered to sausserite (5-95%), epidote, 
calcite and clinozoisite. Opaque oxides are interstitial between plagioclase and 
homblende crystals and are dominantly anhedral.
Pyroxene Basalt
Pyroxene basaltic rocks are represented by four samples (LGba, KMba, MGba, and 
EM 10) (Fig. 7.0). Three of these samples are representative of large bodies but one 
(Mgba) is a dike intmded into homblende-gabbronorite. These samples are variably 
altered.
70
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Pyroxene basaltic samples are composed of pyroxene (50-55%), plagioclase (35- 
40%), possible clinopyroxene and opaque oxides (3-15%). These rocks are aphanitic (.05 
mm -  1 mm) and are largely holocrystalline but one sample (Lgba) is hypohaline. Rocks 
exhibit ophitic to sub-ophitic and intergranular textures and have local glassy chilled 
margins. Subhedral to anhedral orthopyroxene (50-55%) crystals (and possibly 
clinopyroxene) partially and wholly enclose anhedral plagioclase crystals. Pyroxene is 
uralized (35%) and has primarily been altered to light green actinolite and serpentine. 
Plagioclase (35-40%) laths are euhedral, subhedral and anhedral; range from calcic to 
sodic varieties and are slightly pitted with a sieve texture. Plagioclase has been altered to 
pumpellyite, epidote and quartz and is moderately sausserized (10-15%). Opaque oxides 
are anhedral but also resemble exsolution pseudomorphs o f pyroxene and are interstitial 
between plagioclase and pyroxene crystals.
One very rare hypohaline sample (LGba) contains ~ 5-10% phenocrysts of swallow­
tail and belt-buckle plagioclase crystals that exhibit sector zoning and possible 
clinopyroxene (Bryan, 1972) (Fig. 7.6c). These phenocrysts are within a matrix (90-95%) 
composed of curved, branching and radiating feather-like intergrowths of pyroxene, 
plagioclase and oxide minerals (Fig. 7.6c). An intrusive glassy chilled margin within this 
sample is bound on one side by a fining upward sequence of pyroxene crystals (Fig.
7.6d). A few glomerocrysts of plagioclase have also been observed.
Pyroxene phyric-Andesite dikes
Pyroxene phyric-andesite dikes are represented by six samples (EM3a, EM3b, EM7a, 
EM08, EM09, and GCbdk) (Fig. 7.0). Five samples (EM samples) are from a sheeted- 
dike swarm intruded into homblende-gabbronorite and pyroxene basalt bodies. One
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sample (GCbdk) is the only sample that is strongly altered while all other samples are 
relatively fresh (<5% altered). This altered dike swarm was found intruded parallel to 
foliation planes within meta-sedimentary phyllites and slates.
These rocks are aphanitic (0.1 mm-1.5 mm), dominantly holocrystalline and are 
composed of homblende (20-55%), clinopyroxene (5-25%), plagioclase (18-65%) and 
opaque oxides (2-3%). Dikes are porphyritic and have microcrystalline groundmasses 
dominated by anhedral plagioclase (Fig.7.7a). Occasionally, these dikes contain 
glomerocrysts and exhibit trachytic textures. Rare hypohaline samples consist of 6-20% 
phenocrysts of clinopyroxene in a microcrystalline groundmass consisting of acicular 
homblende (30-95%) and anhedral plagioclase (5-70%).
Pyroxene phyric-andesite dikes are dominated by greenish-brown to brown 
homblende (0.1 mm -1.5 mm / average 0.1 mm) that occurs as euhedral to subhedral and 
equant six-sided rhombs to elongate laths (Fig.7.7a). Homblende exhibits good 60°/120° 
cleavage; simple twinning; and commonly rims pyroxene crystals and xenocrysts of 
radiating plagioclase. Homblende is weakly altered to light green actinolite (<3-5%).
Clinopyroxene (0.5 mm -  1.5 mm) occurs dominantly as euhedral but also anhedral 
crystals. In some samples clinopyroxene occurs as the largest phenocrysts and 
glomerocrysts (Fig. 7.7a). Clinopyroxene is dominantly fresh but is altered (3-5%) to 
uralite ± serpentine ± epidote ± calcite. In all samples, clinopyroxene is rimmed by brown 
homblende. Plagioclase occurs primarily as anhedral crystalline masses enclosing 
homblende and clinopyroxene crystals (Fig. 7.7a). Plagioclase exhibits some simple 
twinning and in one sample (GCbdk) is moderately altered (20%) to sausserite minerals.
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Opaque oxides are anhedral and are interstitial between homblende, clinopyroxene and 
plagioclase.
One sample (EM7a) contains 1.5 mm anhedral xenocrysts of radiating plagioclase 
and intensely altered pyroxene crystals that are distinct from host dikes and are rimmed 
completely by homblende.
Sample EM3a contains a 3 cm wide hypohaline pyroxene phyric-andesite dikelet that 
intruded into a more coarse-grained pyroxene phyric-andesite dike (Fig. 7.7a). This 
dikelet contains both fresh clinopyroxene phenocrysts and intensely altered 
clinopyroxene xenocrysts within a microcrystalline groundmass composed dominantly of 
acicular homblende and anhedral plagioclase. Along the margins o f the dikelet, dark 
brown colored glassy-material resembles resorbed homblende from the host rock (Fig. 
7.7a). No homblende was found within the dikelet.
Sample EM08 was collected at the tip o f the Elk Mountain dikes and contains very 
fresh clinopyroxene phenocrysts and glomerocrysts (6-20%) within a trachytic matrix 
composed o f homblende microlites within anhedral plagioclase.
Plagiogranite Dikes
Samples WMpgl, WMpg2, and RMpg are sub-parallel plagiogranite dike swarms 
that have intruded gabbroic and andesitic rocks located at Walker Mountain and Roberts 
Mountain (Fig. 7.0).
Plagiogranite
Plagiogranite are holocrystalline and contain subhedral crystals of plagioclase (30- 
80%) and quartz (70-20%) with serrate grain boundaries (Fig. 7.7b). Crystals are
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dominantly 0.5 mm in size. Plagioclase exhibits albite and simple twins and is slightly 
pitted with a sieve texture (Fig. 7.7b). Quartz is intergranular to plagioclase crystals. Rare 
samples are recrystallized and show preferential alignment o f crystals, deformed twin 
lamellae of plagioclase crystals and also exhibit occasional shear bands. These dikes 
contain minor alteration assemblages of sericite (2-3%), epidote (10%) and sausserite 
(<5%) (Fig. 7.7b).
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Figure 7.0 . Locations of 36  sam p les taken from the Sexton Mountain area  
for pétrographie analyses. Modified from P age  et al. (1977, 1978).
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Figure 7.1 . Photom icrographs o f sam p les SMdun (A) and 
NExen (B) show n under crossed  polars. (A) Dunite. The 
matrix of this sam p le h a s  b een  replaced com pletely by 
serpentine and subsequently  h a s been  overgrown by 
anthophyllite crystals. (B) Peridotite xenolith. A hexagonal 
pyroxene crystal that exhibits sim ple twinning is within a  
matrix that is extensively  altered to talc, chlorite, blue zoisite  
and calcite.
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Figure 7.2. Photom icrographs of sam p le NEcpx (websterite) 
show n under crossed  polars. (A) Inequigranular seriate  
texture of com p osed  entirely of orthopyroxene (Opx) and 
clinopyroxene (Cpx). (B) A euhedral pyroxene crystal that has  
a metamorphic corona of actinolite. Pyroxene within this 
sam ple is moderately altered to uralite, which is a fine-grained  
aggregate of actinolite.
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Figure 7.3. Photom icrographs of sam ple EMcpx 
(gabbronorite) show n under crossed-polars. (A) A pyroxene 
crystal that poikiolitically e n c lo se s  two small crystals of 
plagioclase. This pyroxene has a m etam orphic corona of 
hornblende altered to actinolite.(B) Relationships betw een  
plagioclase and pyroxene. One pyroxene crystal is en closed  
com pletely by p lagioclase and another pyroxene crystal h as  
intergrown with plagioclase.
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Figure 7.4. Photom icrographs o f hom blende-gabbronorite. (A) Sam ple  
NEgbl show n under cro ssed  polars. A pyroxene crystal rimmed by 
hornblende is within an intensely altered matrix of clinozoisite. (B) 
Sam ple MGchl show n under plane polarized light. P lagioclase is 
strongly altered to sau sserite  (brown, high relief patches) and is 
en c lo sed  by light green to brown hom blende. (C). Sam ple SMchr show n  
under crossed  polars. Subhedral p lagioclase crystals are poikiolitically 
en clo sed  by hornblende.
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Figure 7.5. Photom icrographs that sh ow  deformation fabrics which cross-cut hom blende-gabbronorite bodies. (A) Sam ple  
GCgb show n under plane polarized light. A small sca le  mylonitic shear band dism em bers this sam ple. Num erous brittle 
fractures and deformation lamallae are located within the host rock. (B) Sam ple RMgb under crossed  polars. Extensive  
grain s iz e  reduction (GSR) is overprinted by acicular actinolite (ACT). (C & D) Sam ple RM21b show n under plane  
polarized light (C) and under crossed  polars (D). (C) A porphyroclast of hom blende-gabbronorite is entrained within a  
w ell-developed ultramylonitie matrix. (D) Ultramylonitie matrix and the hornblende-gabbronroite porphyroclast have b een  
overprinted by epidote group minerals.
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Figure 7.6. Photom icrographs of andésite  and pyroxene basait. Sam ple SM ba (andésite) under crossed  polars (A) and 
under plane polarized light (B). P lagioclase laths (Plag) are partially (A) and wholly enclosed  (B) by anhedral hom blende  
(Hbl). (C & D) Sam ple LGba (pyroxene basalt) show n under crossed  polars. (C) Swallow-tail and belt-buckle p lagioclase  
phenocrysts are within a matrix com p osed  of curved, branching and radiating feather-like intergrowths of pyroxene, 
p lagioclase and oxides. (D) Intrusive g lassy  chilled margin (GCM). A fining-upward seq u en ce  o f pyroxene crystals above  
this g la ssy  chilled margin resem b les pyroxene cum ulates (PC).
Figure 7.7. Photom icrographs of pyroxene-phyric an d ésite  and 
plagiogranite dikes. (A) Sam ple EM3a from a pyroxene-phyric andésite  
sh ee ted  dike swarm is show n under plane polarized light. On the right 
side of the photograph a co a rse  grained dike is com p osed  of euhedral 
clinopyroxene (Cpx) and hornblende (Hbl) phenocrysts within an anhedral 
plagioclase (Plag) matrix. On the left sid e  of the photograph a 3cm  wide 
hypohaline dikelet intruded into the more coarse  grained dike. This dikelet 
contains both fresh clinopyroxene phenocrysts and altered clinopyroxene  
xenocrysts. Near this intrusive margin, brown material resem bles  
resorbed hornblende from the m ore coarse  grained dike. (B) Sam ple  
RMpg show n under crossed  polars. Plagiogranite com p osed  of 
p lagioclase with minor epidote group minerals.
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CHAPTER 8 
GEOCHEMISTRY
Whole rock major and trace element analyses for twenty-three Sexton Mountain 
magmatic rocks are listed in Tables 8.1-8.6 of Appendix D. The lithologie classification 
and degree of alteration, which was determined by pétrographie analysis and detailed in 
the petrography chapter, is noted for each sample. Loss on ignition (LOI) for all samples 
is minor and ranges from 0.77-3.59 wt %. All data herein are shown as unnormalized 
weight percentages for major elements while trace elements are shown in parts per 
million. Table 8.7 of Appendix D shows the ranges for selected major oxides within each 
geochemical grouping excluding pyroxenite, which has only one sample. Whole rock Nd 
and Sr analyses were collected for ten o f these samples and are presented in Table 8.8 of 
Appendix D. The locations where these 23 samples were collected are plotted on Figure 
8 .0 .
On the basis o f pétrographie analyses, six distinct groupings were designated and are 
used in this chapter as geochemical groupings. These groupings consist of: homblende- 
gabbronorite, andésite, pyroxene basalt, pyroxene phyric-andesite dikes, plagiogranite 
dikes, and pyroxenite. These groups exhibit internal geochemical coherency in terms of 
major and trace elemental abundances and are linked to pétrographie mineral 
assemblages.
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Major Element Geochemistry 
All samples are mafic in composition (SiO] 44-53.7 wt%; av. 50.4 vvt%) except for 
the plagiogranite dikes, which are felsic (SiOz 62.8 & 65.1 wt%) (Table 8.7). All samples 
are sodic-alkali dominant (mafic samples: NazO av. 2.78 wt %; KzO av. 0.23 wt%; felsic 
samples: NazO 5.6 & 6.3 wt%; KzO 0.6 wt%) (Table 8.7).
Plotted on the alkali vs. silica diagram of LeBas et al. (1986) most samples are 
subalkaline with mafic samples plotting dominantly in the basaltic to basaltic-andesite 
field (Fig. 8.1a). One gabbronorite sample plots as a picro-basalt and two pyroxene 
basalts plot as basaltic trachy-andesites (Fig. 8.1a). Felsic samples plot in the andésite and 
dacite fields (Fig. 8.1a).
Mafic samples have varying abundances o f FeO and MgO (Table 8.7) and thus have 
different Mg#’s (Mg# =molar Mg/(FeO-i-MgO) (homblende-gabbronorite: av. Mg# 58.5; 
andésite: av. Mg# 48.0; pyroxene basalt: av. Mg# 41.1; pyroxene phyric-andesite dikes: 
av. Mg# 53.6). High values of FeO are paralleled by high values of TiOz which occur 
within every geochemical grouping (Table 8.7). This relationship correlates with the 
proportion of visible Fe-oxides seen in pétrographie sections.
On the AFM diagram (A=alkalis:( NazO + KzO) vs. F=Fe0:(Fe0+Fez03) vs. 
M=MgO) mafic samples plot close to primitive FeO/MgO values and follow an Fe- 
enrichment trend typical of early differentiation o f tholeiitic magmas (Fig. 8.1b). Mafic 
samples straddle the boundary between tholeiitic and calc-alkaline fields where some 
samples are clearly on the calc-alkaline side (Fig. 8.1b). Felsic samples plot both in the 
tholeiitic and calc-alkaline fields towards the more evolved and differentiated alkaline
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corner where one sample is clearly tholeiitic and the other is clearly calc-alkaline (Fig. 
8.1b).
All groups contain very low values of KzO (homblende-gabbronorite av. 0.14 wt% ; 
andésite av. 0.15 wt%; pyroxene basalt av. 0.11 wt%; pyroxene phyric-andesite dikes av. 
0.53 wt% and plagiogranite dikes av. 0.06 wt%) (Table 8.7). Combining these major 
element geochemical classifications, mafic samples from the Sexton Mountain area can 
be described as low-K tholeiites but include calc-alkaline basalts and basaltic andésites. 
The two felsic samples can be described separately as low-K calc-alkaline andésite and 
low-K tholeiitic dacite. NazO + KzO values for all o f these samples may have been 
modified by secondary processes such as hydrothermal alteration and greenschist facies 
metamorphism, which may alter the major element geochemical abundances for these 
samples.
Trace Element Geochemistry 
Trace element geochemical data are plotted on chondrite-normalized and N-MORB- 
normalized (Normal-Mid Ocean Ridge Basalt) diagrams using the Igpet for Windows® 
computer software. The data are presented separately in the geochemical groupings that 
were designated earlier in this chapter. The normalization values for these figures were 
taken from Sun and McDonough (1989).
Chondrite Normalized Rare-Earth-Element Diagrams
Figures 8.2-8 4 show chondrite normalized rare earth element (REE) diagrams of the 
23 samples used in this study. The homblende-gabbronorite and andésite groups show 
similar flat HREE patterns where homblende-gabbronorite samples vary between 4-15
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times chondrite and andésite samples vary between 7-10 times chondrite (Fig. 8.2). Both 
groups show variable LREE patterns with some samples showing LREE enrichment and 
others LREE depletion. A few samples in both groups show positive Eu anomalies. 
Pyroxene basalts (Fig. 8.3a) are enriched in HREE 15-30 times chondrite and have a 
slightly concave downward shape with progressive depletion of lighter LREE. Weak 
negative Eu anomalies are visible in these samples.
Pyroxene phyric-andesite dikes (Fig. 8.3b) show progressive enrichment from HREE 
to LREE showing a smooth LREE enrichment pattern. HREE start at 10 times chondrite 
values and LREE end at 25 times chondrite values. Plagiogranite dikes (Fig. 8.4a) exhibit 
two distinctively different shapes. One sample is flat with HREE and LREE values 
ranging from 30-35 times chondrite and contains a prominent negative Eu anomaly. The 
second sample shows progressive enrichment from the HREE to LREE where the HREE 
start at 2-3 times chondrite and the LREE ends at 6-8 times chondrite. This sample has a 
large positive Eu anomaly. One pyroxenite sample (Fig. 8.4b) has a very distinctive 
concave down shape with progressive depletion from the HREE (5-8 times chondrite) to 
the LREE which reaches chondritic values at the lightest LREE (La, Ce).
N-MORB Normalized Trace Element Spider Diagrams
Figures 8.5-8.7 show N-MORB normalized trace element diagrams for the 23 
samples used in this study. The homblende-gabbronorite (Fig. 8.5a) and andésite (Fig. 
8.5b) groups have very similar but variable geochemical patterns on N-MORB 
normalized plots. In both groups, most samples show high field strength element (HFSE) 
(Nb, Pr, Nd, Zr, Sm, Eu, Ti, Dy, and Yb) depletion relative to N-MORB but some values 
are equal to or slightly greater than N-MORB. Highly incompatible elements (Nb =
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0.015-0.4 and Zr ~ 0.1-0.8 times N-MORB values) exhibit the greatest depletion relative 
to N-MORB but define a large amount o f variation between samples. Large ion lithophile 
elements (LILE) (e.g., Cs, Rb, Ba, Th, K, Pb, Sr) are enriched relative to HFS elements 
and are mostly at values higher than N-MORB (3-30 times N-MORB), but a few samples 
are also depleted relative to N-MORB (0.1-.08 times N-MORB). Variation in the LIL 
element Th is parallel to variation seen in the HFS element Nb and in each sample Th is 
enriched relative to Nb.
Pyroxene basalt (Fig. 8.6a) geochemical patterns markedly contrast with those of the 
homblende-gabbronorite and andésite groups (Figs. 8.5a and 8.5b). All of the trace 
elements except Cs, Ba and Sr are within a field that exhibits only slight depletion or 
enrichment relative to N-MORB values (= 0.6-1.8 times N-MORB values) and are flat 
curves. LIL elements Cs, Ba, Th, and Sr are the only elements that show enrichments 
relative to other trace elements (Cs, Ba, Th, Sr ~ 0.1-20.0 times N-MORB values).
Pyroxene phyric-andesite dikes (Fig. 8.6b) show an enrichment trend of HFS 
elements relative to N-MORB starting from the most compatible element Yb to the least 
compatible element Nb (Yb ~ 0.6; Nb ~ 3.0 times N-MORB values) where all HFS 
elements define an overall negative slope. LIL elements (Cs, Rb, Ba, Th, K, Pb, Sr) 
exhibit large positive spikes relative to HFS elements except for one sample where Cs, 
Rb, Ba and K are similar to HFS element values (LIL elements ~ 3.0 to 40.0 times N- 
MORB values).
Plagiogranite dikes (Fig. 8.7a) display irregular and different patterns between the 
two samples. One sample is mostly depleted or similar to N-MORB values for HFS 
elements (~ 0.1-1.0 times N-MORB values) and exhibits large positive Eu and Sr spikes
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The second sample is mostly enriched relative to N-MORB (~ 2.0-4.0 times N-MORB 
values) and exhibits negative Pb, K and Rb spikes that are similar-to or depleted relative 
to N-MORB values (=0.1-1.0 times N-MORB values).
The only pyroxenite sample (Fig. 8.7b) is extremely depleted in HFS elements (= 0.4- 
0.01 times N-MORB values) relative to N-MORB values and has LIL elements (e.g., Cs, 
Rb, Ba, K and Sr = 0.9-1.8 times N-MORB values) that are significantly enriched relative 
to HFS elements. This sample is similar to the homblende-gabbronorite and andésite 
groups which are characterized by an enrichment of LIL elements relative to HFS 
elements.
O f particular interest are the large positive Pb ± Sr spikes o f varying magnitude seen 
in all o f the geochemical groups when plotted on the N-MORB normalized diagrams. The 
homblende-gabbronorite, pyroxene phyric-andesite dikes and pyroxenite groups have the 
greatest magnitude Pb and Sr spikes relative to all of the other elements while the 
andésite and pyroxene basalt groups and one plagiogranite dike exhibit positive Sr spikes 
but lack the positive Pb spikes.
Isotopic Data
*'iSr/*'*S'r and ‘"'^Nd/' '̂^Nd isotopes
Ten samples were analyzed for *’Sr/ *®Sr and ‘'”Nd/'‘’''Nd isotopes and are listed in 
Table 8.8. Samples were selected to encompass a wide spatial distribution across the 
Sexton Mountain area and a cross-section of the major lithologies and their dominant 
magmatic relationships. Lithologie unit names for each sample are listed in Table 8.8 and 
locations are plotted on Figure 8.0. All measured isotopic values have been corrected for
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present day values and are reported as such (Table 8.8). Measured Sr and Nd values were 
used to calculate initial ®’Sr/ ®‘'Sr and Epsilon Nd values using equations found in Faure 
(2005). An assigned age o f 200 Ma was used for these computations because major 
cross-cutting relationships and published age data constrain the age of the rocks in the 
Sexton Mountain area be close to this age. Variations of ± 100 m.y. do not alter initial 
"Sr/ *''Sr and Epsilon Nd values significantly.
Calculated values of Epsilon Nd and initial "Sr/ *‘’Sr are plotted on an isotope 
correlation diagram that shows fields depicting the common isotopic reservoirs in the 
Earth’s mantle (Fig. 8.8). Four homblende-gabbronorite samples, one andésite dike, one 
pyroxene basalt dike, one pyroxene basalt body and one plagiogranite dike all define a 
narrow range o f positive Epsilon Nd values (= 9.31 -10.25) and define a trend of 
increasing initial "Sr/ ®*̂Sr values (=0.7027- 0.7037) projected out of the mantle array 
(Fig. 8.8). The two pyroxene phyric- andésite dike samples have slightly lower Epsilon 
Nd values (= 7.16- 7.55) than the other lithologies and have similar initial "Sr/ *̂ Sr values 
(=0.703) that plot in the mantle array.
Preliminary ■’"‘Pb/ and -"'Pb/ systematics
Three selected samples were processed for separation of magmatic zircons for U/Pb 
isotopic dating. Samples were analyzed using TIMS at the University of Kansas (see 
Chapter 4). Preliminary data from a zircon sample from within pegmatitic segregations of 
homblende-gabbronorite located at Sexton Mountain give a concordant -"Tb/ -'*U and 
207pb/ 235JJ ggg o f 177 ±3.5 Ma. We are currently awaiting detailed information regarding 
this age.
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(8 .2a) Hornblende-Gabbronorite. (8.2b) Andesite.
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F igure  8.3. C hondrite  no rm a lized  R are  Earth E lem ent (R EE) 
d ia g ra m s  a fte r Sun and M cD onough  (1989). The  R EE 's (La, Ce, Pr, 
Nd, Sm , Eu, Gd, Tb, Dy, Ho, Er, Tm , and Yb) are  p lo tted on th e  x-axis 
o f the  d ia g ra m s in o rde r o f inc reas ing  a tom ic  m ass from  le ft to  right. 
(8 .3a ) P yroxene  basalt. (8 .3  b) P yroxene  p h y ric -A n d e s ite  d ikes.
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Figure 8.4. Chondrite norm alized Rare Earth Elem ent (REE) 
diagram s after Sun and M cDonough (1989). The REE's (La, Ce, Pr, 
Nd, Sm , Eu, Gd, Tb, Dy, Ho, Er, Tm, and Yb) are plotted on the x-axis 
of the diagram s in order of increasing atom ic m ass from left to right. 
(8 .4a) Plagiogranite dikes. (8.4b) Pyroxenite.
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Figure 8.5. N-MORB normalized trace elem en t spider diagram s after 
Sun and M cDonough (1989). T h ese  diagram s exhibit a  broader range  
of trace elem en ts than the REE diagram s and include the Large Ion 
Lithophile Elem ents (LILE) (e.g ., Rb, Ba, Th, U, K, La, Ce, Pb, Sr). 
(8 .5a) Hornblende-Gabbronorite. (8.5b) Andesite.
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Figure 8.6. N-MORB normalized trace elem ent spider diagram s after 
Sun and M cDonough (1989). T h ese  diagram s exhibit a broader range  
of trace elem en ts than the REE diagram s and include the Large Ion 
Lithophile Elem ents (LILE) (e.g . Rb, Ba, Th, U, K, La, Ce, Pb, Sr). 
(8 .6a) Pyroxene Basalt. (8.6b) Pyroxene phyric- andesite  dikes.
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Figure 8.7. N-MORB normalized trace elem ent spider diagrams after 
Sun and M cDonough (1989). T h ese  diagrams exhibit a broader range 
of trace elem en ts than the REE diagrams and Include the Large Ion 
Lithophile Elem ents (LILE) (e.g ., Rb, Ba, Th, U, K, La, Ce, Pb, Sr). 
(8.7a) Plagiogranite Dikes. (8.7b) Pyroxenite.
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Figure 8.8. Isotope correlation diagram showing calculated  
values of Epsilon Nd and initial s7Sr/ ®®Sr for se lected  
sam p les from the Sexton  Mountain area. T h ese  values  
represent the deviation of a particular sam p le from that of 
CHUR (Chondrite Uniform Reservoir). Bulk earth lines 
represent present day com position of chondritic material. 
The "mantle array" field represents m antle isotopic ratios. 
Sam ples plot dominantly within the mantle array, but som e  
are projected out of the m antle array along increasing 
87Sr/ ®®Sr values. Mantle reservoirs are shaded  grey and 
are abreviated a s  follows; DM- D epleted Mantle; PREMA- 
Prevalent Mantle; HIMU- High p Mantle; BSE- Bulk 
Standard Earth; EMI- Enriched Mantle I; EMU- Enriched 
Mantle II. Arrow indicates EMU reservoir is located at 
higher ®^Sr/ ®®Sr va lues than depicted on the diagram. 
Diagram modified from Winter (2001 ).
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CHAPTER 9 
PETROGENESIS
Petrologic and geochemical data can be used to determine the source, tectonic 
environment and conditions under which plutonic and volcanic rocks were generated. 
Ophiolitic rocks located within the Sexton Mountain area document contrasting 
petrogenetic histories inferred from (1) differences in primary mineralogy and mineral 
ci-ystallization sequences and (2) differences in geochemical and isotopic abundances.
Pétrographie Interpretations 
Primary mineralogy and textures
The primary mineralogy o f igneous rocks is controlled by (1) processes that are 
responsible for generating the chemical composition o f primary magmas (e.g., source, 
depth and degree of partial melting, addition o f volatiles, etc...) and (2) any subsequent 
changes to the physical conditions o f the primary magma during ascent and emplacement 
that facilitate crystal fractionation and magma differentiation (e.g., changes in 
temperature, pressure, etc...). Crystalline textures observed within an igneous rock, such 
as crystal form, inclusions and crystal interpenetration, can be used to infer the sequence 
in which minerals crystallized from a melt. Consistent textures and relationships are 
exclusively used for determining the order o f crystallization for igneous rocks from the 
Sexton Mountain area.
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Order o f  Crystallization
An analysis of crystalline textures and relationships for Sexton Mountain igneous 
rocks can be used to evaluate wet (SSZ) vs. dry (N-MORB) crystallization histories. 
Experimental data show that in wet tholeiitic magmas, such as those in SSZ and island 
arc environments, pyroxenes begin to crystallize before plagioclase (Sisson and Grove,
1993). In dry tholeiitic magmas, such as those in mid-ocean ridge environments (N- 
MORB), plagioclase has been documented to begin crystallization before pyroxenes 
(Sisson and Grove, 1993). In Sexton Mountain pyroxenite and gabbronorite, pyroxene 
poikiolitically encloses both subhedral and anhedral plagioclase and pyroxene crystals. 
Homblende-gabbronorite and andesite contain hornblende that clearly encase both 
pyroxene and plagioclase crystals. Therefore, pyroxene and plagioclase began to 
crystallize before hornblende. In pyroxene phyric-andesite dikes, pyroxene and 
hornblende phenocrysts are within an anhedral plagioclase and hornblende 
microcrystalline matrix. Thus, pyroxene and hornblende formed before plagioclase. In 
pyroxene basalt, plagioclase crystals are poikiolitically enclosed by anhedral pyroxene 
crystals. Thus, plagioclase formed before pyroxene.
Pétrographie evidence suggests an order o f appearance of orthopyroxene ± 
clinopyroxene > plagioclase > hornblende > oxides for pyroxenite, gabbronorite, 
homblende-gabbronorite and andesite rock types. Pyroxene phyric-andesite dikes contain 
evidence for an order o f appearance o f clinopyroxene > hornblende > plagioclase > 
oxides. Pyroxene basalt rock types suggest evidence for an order of appearance of 
plagioclase > orthopyroxene ± clinopyroxene > oxides.
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Igneous rocks from the Sexton Mountain area primarily record wet crystallization 
sequences, however one group suggests dry crystallization sequences. Pyroxenite, 
gabbronorite, homblende-gabbronorite, andesite and pyroxene-phyric andesite dikes have 
crystallization sequences that are similar to those found within “wet” island arc and SSZ 
environments. The presence o f magmatic hornblende within these samples is important 
because homblende is only found in melts that contain significant amounts o f H2O. 
Pyroxene basalt contrasts with SSZ/island arc sequences and reflect “dry” N-MORB type 
crystallization sequences.
Geochemical and Isotopic Interpretations 
Some workers (Pearce, 1983; Pearce et al., 1984) have shown that the shape of trace 
element pattems on chondrite and N-MORB normalized spider diagrams are little 
affected by differences in partial melting and fractional crystallization, and suggests that 
the variations between the pattems are the result of heterogeneities in the mantle source. 
Figure 9.0 shows an N-MORB normalized trace element spider diagram after Harper 
(2003) that is similar to those shown in the geochemistry chapter (Figs. 8.5-8.7). Figure 
9.0 shows the geochemical signatures for representative magma types generated in well 
documented modem tectonic settings that include mid-ocean ridges, oceanic subduction 
zones, forearcs and backarc basins.
Geochemistry o f  modern oceanic basins
Mid-ocean ridge spreading centers like the Mid-Atlantic ridge system generate 
magmas by adiabatic decompression melting of attenuated heterogeneous oceanic 
lithosphere. These magmas are anhydrous and are classified as N-MORB and E-MORB
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type melts (Fig. 9.0). N-MORB (normal mid-ocean ridge basalt) contains rare earth 
element (REE) abundances approximately 20 times that of chondritic values (Sim and 
McDonough, 1989) and lack enrichments in LILE. Enriched-MORB (enriched mid-ocean 
ridge basalt) is more enriched in REE than N-MORB, in particular the LREE (Fig. 9.0). 
E-MORB melts originate from a deeper enriched source than that which produced N- 
MORB where melting occurs in upper depleted mantle regions.
Island arc tholeiites occur along intra-oceanic island arc chains and are generated by 
subduction zone related magmatism (e.g., Izu-Bonin-Mariana arc). SSZ ophiolites are 
thought to be generated above or adjacent to subduction zones and share petrologic and 
geochemical similarities with island arc lavas (Pearce et al., 1984). Magmas that are 
generated in an island arc/SSZ environment differ from magmas formed along mid-ocean 
ridges primarily by the incorporation o f water and sediments into the magma source, 
which is reflected ultimately in the magma chemistry. Subduction zone fluids that are 
devolitized off o f subducted oceanic lithosphere are thought to be enriched in LILE. This 
subduction zone flux lowers the melting solidus temperature for mantle wedge material 
and invokes melting. Chondrite and N-MORB nomialized spider diagrams (Figs. 9.0, 
8.2-8.7) clearly show: (1) negative Ta and Nb anomalies and the selective enrichment of 
LILE (e.g., Th, La, Ce, Sr, K, Rb, Ba, Pb) relative to HFSE (e.g.. Ta, Nb, Zr, Hf, Sm, Ti, 
Y, Yb) that is a common feature o f island arc tholeiites/SSZ lavas and (2) the enricliment 
or depletion o f HFSE/REE that record the initial mantle components and thus the 
depleted nature o f the mantle before any subduction-related addition (Figs. 9.0, 8.2-B.7).
Boninites commonly occur in forearc regions o f island arcs (e.g., Izu-Bonin- 
Marianas fore-arc) and are characterized by island arc/SSZ geochemical signatures and
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are ultra-depleted in HFSE (Fig. 9.0) (Stem and Bloomer, 1992). Boninitic plutonic and 
volcanic rocks are thought to be generated during wide-spread shallow melting that 
occurs during the initial stages o f subduction zone magmatism generated from depleted 
MORB mantle that is termed “subduction zone infancy” (Stem and Bloomer, 1992).
BAB are oceanic crust that forms by sea-floor spreading mechanism similar to that of 
mid-ocean ridge crust formation but are located in a supra-subduction zone setting that is 
proximal to an island arc. These marginal basins can occur completely behind an island 
arc, or it can split the arc, producing an older remnant arc and an active arc more 
trenchward (e.g., izu-bonin-marianas (IBM) system, westem Klamath terrane). As the 
BAB develops, the lavas temporally exhibit element and isotopic chemistry that span the 
range from lAT-to MORB-like compositions (Hawkins, 1995). This change is thought to 
be primarily due to the response o f continuous extension o f the upper plate by the process 
o f hinge rollback. Hinge rollback facilitates more fertile mantle to migrate into the zone 
of melting producing N-MORB melts along with a declining influence of subduction 
zone fluids (Bedard, 1999). Samples taken from the central Lau backarc-basin spreading 
center (CLSC) were derived from a multiply depleted MORB-like source that had been 
relatively enriched by a subduction component (e.g. LILE enrichment) and has negative 
Ta and Nb anomalies that are similar to lAT/SSZ lavas (Fig. 9.0) (Hawkins, 1995). 
Geochemical interpretations fo r  the Sexton Mountain area
Igneous lithologies from the Sexton Mountain area display variable and in some 
cases, contrasting geochemical pattems when plotted on chondrite and N-MORB 
normalized spider diagrams (Figs. 9.0, 8.2-8.7). Homblende-gabbronorite and andesite 
groups clearly show variably depleted island arc/SSZ geochemical characteristics that are
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similar to boninites and island arc tholeiites (Figs. 8.2 & 8.5). Light to heavy rare earth 
element and HFSE data span similar-to-extremely depleted values relative to N-MORB. 
The selective but variable enrichment o f LILE relative to HFSE and the presence of 
magmatic homblende in homblende-gabbronorite and andesite samples is a feature that is 
distinctive for wet magma formation characteristic o f island arc or SSZ environments. 
These variations can be attributed to a heterogeneous, variably depleted mantle source 
that had been affected by varying degrees o f subduction zone fluids during magma 
genesis. The recognition of positive Eu anomalies and pétrographie observation of 
plagioclase layering (oriented plagioclase crystals) suggests that some homblende- 
gabbronorite samples are in part possible plagioclase cumulates.
Pyroxene phyric-andesite dikes are similar to homblende-gabbronorite and andesite 
groups and exhibit LILE enrichment relative to HFSE and contain phenocrysts of 
magmatic homblende (Fig. 8.6b). These dikes have REE pattems that are enriched 
relative to N-MORB pattems and are thought to represent subduction zone influenced 
melts derived from a more fertile source than that of N-MORB (e.g. E-MORB) (Figs.
8.3b & 8.6b) which contrasts with the homblende-gabbronorite and andesite groups.
Pyroxene basalt samples are more enriched in REE and HFSE than most homblende- 
gabbronorite and andesite samples (Figs. 8.3a & 8.6a). These samples represent magmas 
generated from an N-MORB mantle source. The presence of an N-MORB geochemical 
signature with weak negative Ta and Nb anomalies and slightly enriched LILE (Figs.
8.3a & 8.8a) indicate that these volcanic rocks were weakly influenced by subduction 
zone fluids and are similar to lavas from backarc basin spreading centers (Fig. 9.0).
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Plagiogranite dikes display contrasting geochemical patterns and might represent late 
fractionated derivatives from older host magma sources (Figs. 8.4a & 8.7a). These dikes 
show the presence of both positive and negative Eu anomalies that represent the 
accumulation and removal o f plagioclase during fractional crystallization processes.
For the pyroxenite sample, the presence o f -100%  pyroxene crystals and the 
extremely depleted geochemical pattern resembles crystal cumulates that formed during 
the early stages of magma generation and fractional crystallization (Figs. 8.4b & 8.7b). 
Trace element pattems are similar to the island arc/SSZ pattems displayed by the 
homblende-gabbronorite and andesite groups. This sample likely represents cumulates 
derived from the same “wet” island arc/SSZ parent magma generated from a depleted 
mantle source that formed the homblende-gabbronorite and andesite groups.
Tectonic discrimination diagrams
Any ratio of LILE to HFSE should provide an effective discriminant among SSZ and 
other oceanic basaltic rocks (Pearce et al., 1984). The N-MORB normalized diagrams 
(Figs. 9.0, 8.5-8.7) focus on elements that most effectively distinguish among oceanic 
basalt types. Most of the enriched elements (e.g., Cs, Rb, Ba, K) in figures 8.5-8.7, 
however, are mobile during weathering and metamorphism (Pearce et al., 1984), Several 
diagrams focus on the less mobile elements (e.g., Yb, Th, Ta, Hf) to discriminate among 
altered rocks. Non-conservative elements such as Th are not mobile during weathering 
and metamorphic processes but can be added to the mantle by subduction zone fluids. 
Conservative elements such as H f and Ta are immobile and are not added to the mantle 
during subduction zone processes.
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The Th-Hf/3-Ta diagram from Wood (1980) utilizes a non-conservative, immobile 
element (Th) and two conservative, immobile elements (Hf and Ta) (Fig. 9.1a). The Th- 
Hf/3-Ta diagram shows fields o f four basalt types based on empirical data from modem 
basalts, various petrogenetic vectors and the position of the mantle source for N-MORB 
type basalts (Fig. 9.1a). The Th/Yb vs. Ta/Yb ratio-ratio diagram from Pearce (1983) is 
also used to show the depleted nature o f the mantle source and the enrichment of 
subduction zone fluids into the mantle (Fig. 9.1b). Previous partial melting in the mantle 
source produces a decrease in both ratios which is shown as the field of enriched to 
depleted mantle sources (e.g. GIB, E-MORB and N-MORB sources) (Fig. 9.1b). 
Addition o f subduction zone fluids increases the Th/Yb ratio, but not the Ta/Yb ratio in 
the resulting SSZ melt and is shown by the subduction-component vector (Fig. 9.1).
In the Th-Hf/3-Ta and the Th/Yb vs. Ta/Yb diagrams (Fig. 9.1a & 9.1b), homblende- 
gabbronorite, andesite and pyroxene basalt samples define a trend that indicates minor to 
strong subduction zone enrichment of a variably depleted mantle source. Pyroxene 
phyric-andesite samples cluster around an enriched mantle (E-MORB) source that was 
altered by subduction zone enrichment processes. These diagrams produce results similar 
to the chondrite and N-MORB normalized spider diagrams (Fig. 9.0, 8.2-8.7).
Isotopic Reservoir and Seawater alteration
Measured *^Sr/ ®̂ Sr and ''’̂ Nd/’'*‘*Nd isotopic ratios indicate that samples from the 
Sexton Mountain area originated from a depleted oceanic mantle source which is defined 
by Nd and Sr abundances relative to bulk solid earth (Fig. 8.8). Pyroxene phyric-andesite 
dikes originated from a fertile or enriched source and clearly are different than the source
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that produced homblende-gabbronorite, andesite, pyroxene basalt and plagiogranite 
samples.
Sea water is high in strontium but is poor in neodymium and consequently, sea water 
alteration of rock bodies produce major shifts in strontium isotopes even at modest 
water/rock ratios. Extremely high water/rock ratios are needed to shift ’‘*^Nd/''*‘'Nd 
values. The trend o f increasing initial ®̂ Sr/ ®‘Sr values projected out of the mantle array in 
figure 8.8 can be attributed to seawater hydrothermal alteration of homblende- 
gabbronorite, andesite, pyroxene basalt and plagiogranite samples that originated from a 
depleted oceanic mantle source.
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Figure 9.0. N-MORB normalized trace elem en t diagram after Harper 
(2003). Data for this figure w as taken from Harper (2003). T hese  
sam p les represent various modern m agm a types that include; m id-ocean  
ridge N-MORB and E-MORB types (Sun and M cDonough, 1989), Back­
arc basin basalt (Central Lau spreaciing center [CLSC] sam ple 12-1-1; 
P earce  et al., 1994), Island Arc Tholeiite (S S S 5-4 ; P earce  e ta l., 1995), 
and boninite (Pearce and Parkinson, 1993). N-MORB normalization 
values are from Sun and M cDonough (1989).
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Figure 9.1. Tectonic discrimination diagrams. (9.1a) Th-Hf/3-Ta 
diagram (from Wood, 1980). Tectonic fields include: A- normal 
MORB (N-MORB), B- enriched MORB (E-MORB), C-within-plate 
b asalts (WPB), and D- island arc basalts (lAB). MM, representing a 
N-MORB mantle source and petrogenetic vectors from Pearce  
(1996). (9.1b) Th/Yb vs. Ta/Yb diagram from Pearce, (1983). Fields 
of enriched to depleted m antle sources (e.g., OIB, E-MORB, N- 
MORB) and subduction zo n e  com ponent vector are shown.
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CHAPTER 10
DEFORMATION AND ALTERATION 
Ophiolitic rocks from the Sexton Mountain area exhibit localized mylonitic fabrics 
that record deformation and recrystallization that occurred over a protracted interval. 
Secondary hydrothermal alteration products overprint most lithologies, including the 
mylonites and likely records a seawater-alteration event. Mylonites and alteration 
products can be treated as cross-cutting relationships and, in turn, document a protracted 
interval o f magmatism, deformation and alteration for the Sexton Mountain area.
Solid State Deformation
Mylonitic shear bands and recrystallization features occur in plutonic and volcanic 
bodies from the Sexton Mountain area and clearly formed during post-magmatic 
processes (see the petrography chapter). Mylonitic fabrics are documented exclusively 
within homblende-gabbronorite bodies o f the Central tectonic domain. Mylonitic shear 
bands contain porphyroclasts of plagioclase, pyroxene and homblende that show grain 
size reduction. Locally, aphanitic mafic bodies that intruded homblende-gabbronorite 
bodies contain xenoliths o f  the host mylonitic homblende-gabbronorite. Clasts o f 
andesite that contain distinctive quartz-epidote veins occur within mylonitized 
homblende-gabbronorite at Roberts Mountain. Boundaries o f these clasts are mylonitic 
shear zones. Pétrographie observations (see petrography chapter) o f andesite and 
plagiogranite from Walker Mountain document recrystallization textures and shear
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bands. Macroscopic field evidence documented in the Central tectonic domain suggests 
that (1) localized intense mylonitic deformation occurred before emplacement of 
aphanitic mafic bodies into host homblende-gabbronorite bodies and (2) localized 
mylonitic deformation occurred to a lesser extent after emplacement of aphanitic mafic 
bodies. Pétrographie observations show that localized recrystallization occurred after 
emplacement o f aphanitic mafic bodies and intrusion of plagiogranite dikes. Pyroxene 
phyric-andesite dikes cross-cut intrusive and mylonitic relationships that are overprinted 
by secondary seawater alteration products and clearly document a substantially younger 
intrusive event. These interpretations are open to discussion and can be strengthened with 
geochronological data.
SeoM’ater Hydrothermal Alteration
Metamorphic alteration assemblages have overprinted original mineral assemblages, 
textures and cross-cutting mylonitic shear bands to varying degrees across the Sexton 
Moimtain area (see the petrography chapter). Metamorphic mineral assemblages are 
consistent among serpentinized peridotite, pyroxenite, gabbronorite, homblende- 
gabbronorite, andésite, pyroxene basalt, and plagiogranite lithologies. Secondary 
metamorphic assemblages consist of greenschist facies conditions that collectively 
include: actinolite, tremolite, chlorite, talc, serpentine, calcite, epidote, zoisite and rare 
pumpellyite. Individual protolith assemblages are documented in the petrography chapter. 
The majority o f pyroxene phyric-andesite dikes are unique in that they do not contain 
these secondary assemblages.
Metamorphic alteration o f samples from the Sexton Mountain area is attributed to 
hydrothermal processes. Evidence for hydrothermal alteration includes (1) quartz-epidote
1 1 1
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veinlets within aphanitic mafic bodies, (2) replacement of primary igneous mineralogy 
and (3) whole-rock isotopic data. The presence of numerous quartz-epidote veinlets 
found in large aphanitic mafic bodies can be attributed to the circulation of hot- 
hydrothermal fluids. Similar processes are recognized at active mid-ocean ridge 
spreading centers (Humphris and Thompson, 1978). Pétrographie observations of 
metamorphic mineral assemblages that include both amphiboles and epidote-group 
minerals are also consistent with hydrothermal alteration o f primary igneous minerals 
(e.g. pyroxenes, plagioclase, hornblende). Strontium isotopic data define a trend of 
increasing initial *’Sr/ *^Sr values (-0.7027- 0.7037) projected out o f the mantle array for 
homblende-gabbronorite and aphanitic mafic rocks (Fig. 9.10). Such decoupling o f Sr 
and Nd isotopes point to seawater alteration and are consistent with hydrothermal 
circulation rather than slab derived fluids.
These data collectively show the importance o f hot-seawater hydrothermal alteration 
o f primary igneous mineralogies and secondary mylonitic deformation features. Similar 
metamorphic mineral assemblages that overprint original magmatic and tectonic features 
are thought to have formed over a protracted interval of hydrothermal alteration.
Following mylonitic deformation, intense seawater hydrothermal alteration was 
synchronous with intrusion o f aphanitic mafic bodies and dikes and is represented by 
numerous quartz-epidote veinlets. This event produced most of the secondary greenschist 
facies metamorphic minerals. Seawater hydrothermal alteration diminished before the 
intrusion of unaltered pyroxene-phyric andésite dikes located at westem Elk Mountain. A 
second pyroxene-phyric andésite dike swarm that intruded parallel to foliation planes of 
the Upper Galice Formation documents minor hydrothermal alteration assemblages
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dominated by epidote group minerals and pumpellyite. These two pyroxene-phyric 
andésite dike swarms may not be related or may represent spatially variable and differing 
magnitudes of seawater hydrothermal alteration.
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CHAPTER n
TECTONIC EVOLUTION OF THE SEXTON MOUNTAIN AREA 
New petrologic, geochemical, isotopic, structural, and preliminary geochronological 
data show that igneous lithologies of the Sexton Mountain area formed as oceanic crust in 
a subduction zone environment around 177 ± 3.5 Ma. The Sexton Mountain ophiolite 
intruded into older serpentinized peridotite bodies and into a serpentinite matrix mélange 
unit that contains blocks which are exotic and distinctively older than Sexton Mountain 
igneous lithologies. Ophiolitic units o f the Central and Eastern tectonic domains of the 
Sexton Mountain ophiolite are structurally overlain by contrasting meta-sedimentary 
assemblages. These meta-sedimentary assemblages resemble lithologies that are part of 
the Westem Klamath belt and the May Creek terrane. Pre-Nevadan and Nevadan-related 
regional faulting and metamorphism resulted in imbrication of the Sexton Mountain 
ophiolite with older basement lithologies and also with other terranes of the Klamath 
Mountains.
The Sexton Mountain Ophiolite 
The Sexton Mountain area has been divided into the Westem, Central and Eastern 
tectonic domains. All of these domains have similar ophiolitic units and magmatic 
relationships but exhibit different internal characteristics. Thus, they are distinguishable 
from one another. These tectonic domains are also separated from one another by
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distinctive tectonic features that include: a serpentinite matrix mélange unit (separates the 
Westem domain from the Central domain) and the Grave Creek fault (separates the 
Central domain from the Eastem domain). Tectonic domains o f the Sexton Mountain area 
are linked to one another across these tectonic boundaries by homblende-gabbronorite 
bodies and dikes. Homblende-gabbronorite bodies and dikes exhibit lithologie and 
petrogenetic similarities, originated from a similar mantle source under a similar tectonic 
setting and comprise the oldest magmatic feature o f the Sexton Mountain ophiolite. The 
Central tectonic domain represents complete oceanic crustal sections whereas the 
Westem and Eastem tectonic domains represent tectonically imbricated portions of the 
ophiolite complex. It is thus inferred that these three tectonic domains represent 
dismembered portions o f  the Sexton Mountain ophiolite.
Formation and Emplacement History o f the Sexton Mountain Ophiolite 
Homblende-gabbronorite, andésite, pyroxene basalt and plagiogranite samples have 
measured ^^Sr/ *^Sr and ’'^^Nd/''^Nd isotopic ratios that indicate magma generation from a 
similar depleted oceanic mantle source (Fig. 8.8). Homblende-gabbronorite bodies have 
“wet" mineral crystallization sequences, variably depleted REE and HFSE concentrations 
relative to N-MORB values and have enriched LILE/HFSE ratios. These mineral and 
geochemical characteristics share similarities with Eocene boninitic/IAT rocks located in 
the forearc and island arc region o f the Izu-Bonin-Mariana arc/backarc system (Stem and 
Bloomer, 1992). Homblende-gabbronorite bodies are thus thought to represent “wet” 
lAT/SSZ magmas generated during the initiation o f subduction at 177 ± 3.5 Ma.
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Homblende-gabbronorite bodies intruded into basement composed of serpentinized 
peridotite and into a serpentinite matrix mélange unit. Contacts and intrusive margins of 
homblende-gabbronorite bodies and dikes transition into gabbronorite and pyroxenite 
when they intmded into or overly these basement lithologies. Pyroxenite and 
gabbronorite are thought to represent crystal cumulates formed from early fractional 
crystallization and crystal accumulation along intrusive margins.
Serpentinized peridotite bodies commonly exhibit a “warty” texture defined by low 
percentages of pyroxene crystals within a serpentinized matrix suggesting a harzburgite 
protolith. Serpentinized harzburgite bodies may represent the residual heterogeneously 
depleted N-MORB type mantle where Sexton Mountain ophiolitic melts originated from.
The serpentinite matrix mélange located between the Westem and Central tectonic 
domains shares similarities with ophiolitic mélange of the Rattlesnake Creek terrane. 
Some blocks within the serpentinite matrix mélange are exotic to Sexton Mountain 
lithologies, are highly metamorphosed and are distinctively older (Sinemurian or 
Pliensbachian) than the magmatic age of the Sexton Mountain ophiolite. Many workers 
have shown that within the Westem Paleozoic and Triassic belt of the Klamath 
Mountains, volcano-plutonic complexes o f the westem Hayfork-Wooley Creek island arc 
(c.a. 174-159 Ma) intruded into and were built upon basement composed of ophiolitic 
mélange of the Rattlesnake Creek terrane (Wright and Wyld, 1994; Wyld and Wright, 
1988; Donato, 1987; Donato et al., 1996; Snoke, 1977; Saleeby et al., 1982) (Fig. 3.0). 
Preliminary geochronological data reported from this study documents that homblende- 
gabbronorite bodies from the Sexton Mountain ophiolite formed shortly before inception 
o f Westem Hayfork island arc magmatism documented throughout the westem Paleozoic
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and Triassic belt. Homblende-gabbronorite bodies of Sexton Mountain ophiolite are thus 
correlated to early western Hayfork forearc crust while the serpentinite matrix mélange is 
correlated to Rattlesnake Creek terrane basement. Further structural and geochemical 
analyses of this mélange are necessary before it can be properly identified.
Homblende-gabbronorite bodies experienced localized solid-state mylonitic 
deformation which is recorded by areas that contain pervasive mylonitic fabrics and shear 
bands. This mylonitic deformation preceded the emplacement of aphanitic mafic bodies 
and may represent localized strain partitioning shortly after emplacement of the 
homblende-gabbronorite bodies.
Homblende-gabbronorite bodies are overlain and intruded by andésite and pyroxene 
basalt dikes and bodies that exhibit chilled margins and contain xenoliths of mylonitized 
homblende-gabbronorite. Field and pétrographie observations indicate that structurally 
overlying pyroxene basalt bodies might represent pillow lavas erupted on an ocean floor 
but further data are required to validate this hypothesis. Aphanitic mafic rocks exhibit 
contrasting mineral crystallization sequences and geochemical pattems that resemble 
both depleted lAT/SSZ and BAB lavas and dikes. Andesitic bodies and dikes are similar 
to boninitic/IAT lavas and have “wet” mineral crystallization sequences and geochemical 
abundances similar to homblende-gabbronorite bodies. Pyroxene basalt bodies and dikes 
have “dry” mineral crystallization sequences, HFSE abundances are less depleted than 
homblende-gabbronorite and andésite, and collectively resemble N-MORB type magmas 
with weak lAT/SSZ components. Collectively, aphanitic mafic bodies and dikes 
document the contrasting effect of subduction zone flux into the zone of melting within a
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variably depleted oceanic mantle source. These aphanitic mafic rocks are thought to have 
formed under conditions similar to the IBM intra-arc basins.
Limited mylonitic deformation post-dates the emplacement of the aphanitic mafic 
bodies. Mylonitic deformation is thus thought to represent extensional deformation that 
document (1) intense deformation prior to emplacement of aphanitic mafic bodies, (2) 
synchronous deformation associated with extensional stresses necessary for emplacement 
of aphanitic mafic bodies and dikes into homblende-gabbronorite bodies and (3) minor 
deformation after emplacement o f aphanitic mafic bodies. Late fractionated plagiogranite 
dikes post-date the intrusion of the aphanitic mafic bodies and major mylonitic 
deformation but are from a similar oceanic source, are locally recrystallized and are 
thought to be closely related.
Ophiolitic rocks of the Sexton Mountain area experienced widespread seawater 
hydrothermal alteration that is documented by quartz epidote veins, secondary 
greenschist facies minerals and a trend o f increasing initial *^Sr/ ®̂ Sr values projected out 
o f the mantle array. Seawater hydrothermal alteration was a manifestation of hot 
strontium-rich seawater that was circulated throughout the ophiolitic body both 
synchronously and after aphanitic mafic body emplacement. The structurally highest 
volcanic bodies within the Sexton Mountain area are associated with massive sulfide 
deposits. These deposits occur during hydrothermal alteration and/or precipitation of 
precious oxides/metals associated with oceanic spreading centers. The massive sulfide 
deposits located in the Sexton Mountain area could have formed synchronously with 
hydrothermal alteration of the ophiolitic body.
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These features of the Sexton Mountain area collectively represent; (1) subduction 
zone initiation and formation of early homblende-gabbronorite boninitic/IAT forearc 
crust at around 177 ±3.5 Ma, (2) intense solid-state extensional mylonitic deforaiation,
(3) emplacement o f aphanitic mafic dikes and bodies that represent formation of an inter­
arc rift basin, (4) lesser mylonitic deformation, and (5) seafloor hydrothermal alteration 
and deposition of massive sulfide deposits.
Overlying Meta-Sedimentary Assemblages 
Intrusive magmatic, lithologie, petrologic and geochemical similarities o f homblende- 
gabbronorite bodies link the Westem, Central and Eastem tectonic domains together as 
dismembered portions o f the Sexton Mountain ophiolite. The Central and Eastem 
tectonic domains are overlain by contrasting meta-sedimentary assemblages that link the 
Sexton Mountain ophiolite to the Westem Klamath belt and the May Creek terrane. The 
occun ence of May Creek schist units in the Eastem tectonic domain and the Upper 
Galice Formation in the Central tectonic domain has lead the author to speculate varied 
interpretations for the deposition and emplacement histories o f these meta-sedimentary 
assemblages.
Occurrence and Emplacement o f  the May Creek Schist
Basal mylonitic quartzite located in the Eastem tectonic domain and a sample of 
amphibolite located on the east side o f the Salt Creek fault show evidence for top-to-the- 
northwest sense o f shear which is consistent with those measured by Donato (1992) in the 
May Creek terrane. Other sense of shear data from quartz-mica schist and amphibolite o f 
the Eastem tectonic domain are inconsistent and do not match basal mylonitic quartzite
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and May Creek amphibolite samples. Structural overprinting of kinematic indicators by 
faulting associated with serpentinite shear zones, intrusion of the Wimer pluton, 
movement along the Salt Creek fault and Nevadan-related deformation may have 
obscured original kinematic fabrics. Further data are needed to qualitatively assess the 
deformation within the May Creek schist in the Eastem tectonic domain.
The Salt Creek fault juxtaposes the Eastem tectonic domain o f the Sexton Mountain 
area adjacent to the May Creek amphibolite. Movement on this fault and emplacement 
and/or deposition of protoliths of the May Creek schist in the Eastem tectonic domain 
must have occurred prior to intmsion o f the Wimer pluton at 160 Ma. Based upon data 
discussed in Chapter 3 and observations made in this study, a few hypothesis are 
proposed to address the occurrence o f May Creek schist on top o f the Eastem tectonic 
domain, movement along the Salt Creek fault and intrusion of the Wimer pluton: (1) 
homblende-gabbronorite dikes o f the Sexton Mountain ophiolite intruded into peridotite 
that is basement to the May Creek terrane which is now represented by the Eastem 
tectonic domain; (2) protoliths for the May Creek schist were deposited on both the May 
Creek amphibolite and basement peridotite which was exhumed along an inferred 
detachment fault (e.g., the Salt Creek fault) before formation of the Sexton Mountain 
ophiolite and before amphibolite facies metamorphism at 155-150 Ma; (3) the Eastem 
tectonic domain is part o f the May Creek terrane but contains un-metamorphosed 
ophiolitic units that share intrusive and petrogenetic similarities with the Sexton 
Mountain ophiolite; (4) a previously unrecognized ductile deformation event emplaced 
the May Creek schist on top o f the Sexton Mountain ophiolite and on the May Creek 
amphibolite before intmsion o f the Wimer pluton, movement along the Salt Creek fault
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and amphibolite facies metamorphism recorded at 155-150 Ma; and (5) movement along 
the Salt Creek fault pre-dated deposition and/or structural emplacement o f the May Creek 
schist over the May Creek amphibolite and the Eastem tectonic domain. A combination 
of the first, second and fifth hypotheses seem to best explain the occurrence of the May 
Creek schist which is associated with ophiolitic rocks of the Sexton Mountain area. 
Further data are required to assess these contrasting hypotheses.
Occurrence and Emplacement o f  the Upper Galice Formation
Stretched pebble chert conglomerates directly overly massive sulfide deposits 
associated with sulfide rich andésites o f the Central tectonic domain. These 
conglomerates are highly deformed relative to stmcturally overlying black slates which 
resemble units of the Upper Galice Formation. This observed contrast in deformation has 
lead the author to two hypotheses that assess the occurrence and emplacement o f these 
meta-sedimentary assemblages: (1) Stretched pebble conglomerates were deposited 
during formation of the Sexton Mountain ophiolite and were contemporaneously 
deformed by extensional stresses associated with Sexton Mountain magmatism at around 
177 ± 3.5 Ma. Tlie Upper Galice Formation was deposited unconformably on top of the 
deformed conglomerates at -157-152 Ma. Slatey cleavage observed in the Upper Galice 
Formation formed during Nevadan-imbrication of the Sexton Mountain ophiolite. (2) 
Stretched pebble conglomerates and overlying slates collectively are the basal and Upper 
Galice Formation and were deposited unconformably on top of eroded Sexton Mountain 
ophiolite units fi-om 162-152 Ma. Deformation was a result of Nevadan-imbrication of 
the Sexton Mountain ophiolite. The first hypothesis seems most likely but further data are
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required to assess the occurrence of these meta-sedimentary rocks on top o f the Sexton 
Mountain ophiolite.
Integration o f the Sexton Mountain Ophiolite into the Klamath Mountains 
In the following section I present what I believe to be the most reasonable geological 
sequence o f events for the formation, emplacement and deformation associated with 
features documented within the Sexton Mountain area. This sequence of events is 
integrated together with other well-documented geological sequences of the Western 
Paleozoic and Triassic belt and the Westem Klamath terrane o f the Klamath Mountains 
(Harper, 2003; Wyld and Wright, 1988; Hacker et al., 1995; Wright and Wyld, 1994; 
Donato, 1987; Saleeby et al, 1982).
Tectonic Evolution o f  the Sexton Mountain Area
The May Creek amphibolite has been interpreted by Donato (1992) to have formed as 
an extensional backarc basin upon which clastic sediments, now represented by the May 
Creek schist, were deposited. The May Creek amphibolite is herein thought to represent 
backarc basin ocean floor which is older than the Sexton Mountain ophiolite. Movement 
along the Salt Creek fault, which juxtaposes the May Creek amphibolite adjacent to the 
Eastem tectonic domain, occurred before intmsion of the Wimer pluton at -160 Ma. 
Movement along this fault is thought to represent an extensional detachment fault that 
exhumed peridotite basement o f the May Creek amphibolite before subsequent deposition 
of the May Creek schist protoliths and before formation and emplacement of the Sexton 
Mountain ophiolite (pre-177 Ma) (Fig. 11.0 a). This stmcture is thus thought to be older 
than the Sexton Moimtain ophiolite and older than intra-arc deformation documented at
122
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-170-165 Ma. This structure, in turn, can not be correlated to the Salt Creek fault which 
is located within the southern Klamath Mountains province (Fig. 3.0).
Homblende-gabbronorite bodies and dikes that represent depleted boninitic/IAT SSZ 
magmas intruded into exhumed basement peridotite of the May Creek amphibolite during 
the initial stages of Sexton Mountain magmatism that initiated above an east-dipping 
subduction zone boundary at -177 ± 3.5 Ma (Fig. 11.0a). The Sexton Mountain ophiolite 
also intruded into and was built upon basement composed of Rattlesnake Creek terrane 
mélange that was located in the forearc region above this east-dipping subduction zone 
(Fig. 11.0 a). The Rattlesnake Creek terrane mélange has been speculated to have formed 
in an intra-oceanic fracture zone that was far removed from an arc or a terrigenous 
landmass (Wright and Wyld, 1994). Construction of a Late Triassic to Early Jurassic 
island arc on top of this mélange basement has been documented to the south by Wright 
and Wyld (1994). This Late Triassic to Early Jurassic island arc sequence was not 
recognized within the Sexton Mountain area but might be documented by further 
geochronological analyses. Interbedded mica-rich shale and ribbon chert that contain 
Sinemurian or Pliensbachian (202-190 Ma) radiolarians were deposited within this 
oceanic fracture zone mélange before intmsion of the Sexton Mountain ophiolite 
homblende-gabbronorite bodies (Fig. 11.0 a).
Continued extension above this retreating subduction zone may have facilitated 
rifting and mylonitic deformation o f homblende-gabbronorite forearc cmst and 
subsequent emplacement of aphanitic mafic bodies, dikes and plagiogranite which 
collectively represent the Sexton Mountain ophiolite inter-arc rift basin (Fig. 11.0 a,b). 
Aphanitic mafic bodies document the diminishing effect of subduction zone fluids on the
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zone of melting that produced both SSZ and N-MORB type magmas. Stabilization of the 
subduction zone lead to the development of island arc magmatism and volcaniclastic 
sedimentation o f  the 174-166 Ma westem Hayfork island arc which has been documented 
to have intruded and built upon the Rattlesnake Creek terrane basement locally to the 
south (see Chapter 3). Units o f the westem Hayfork island arc probably have been eroded 
away or may be documented within the Sexton Mountain area as intrusion o f the 
aphanitic mafic bodies (Fig. 11.0b). Synchronously and/or subsequently to formation of 
the Sexton Mountain inter-arc rift basin, interlayered chert conglomerate and mica-rich 
shale was deposited on top o f massive sulfide deposits associated with hydrothermal 
vents o f the Sexton Mountain ophiolite spreading center (Fig. 11 .Ob). These sedimentary 
rocks were collectively deformed during inter-arc deformation.
Inter-arc deformation and metamorphism is recognized to have occurred within the 
Westem Paleozoic and Triassic belt from 170-165 Ma where thrusting along the Salt 
Creek fault placed the westem Hayfork terrane on top of the Rattlesnake Creek mélange 
basement (Harper and Wright, 1984; Wright and Fahan, 1988; Wright and Wyld, 1994). 
Because the Sexton Mountain ophiolite is correlated to early westem Hayfork island arc 
crust, the boundary between the Central tectonic domain and the Westem tectonic 
domain may represent the Salt Creek fault (Fig. 6.0). This markedly contrasts with 
interpretations by Irwin (2003) in which the boundary between the Eastem tectonic 
domain and the May Creek amphibolite has been speculated to represent the Salt Creek 
Fault. I believe that further stmctural and geochronological analysis of the Sexton 
Mountain ophiolite may lead to justification o f this tentative hypothesis. This hypothesis 
is accepted because o f the stmctural position of the Sexton Mountain ophiolite (e.g..
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Central tectonic domain) relative to the Westem tectonic domain (e.g.. Rattlesnake Creek 
melange) and the observed mylonitic deformation within the Central tectonic domain.
Rifting of the Rattlesnake Creek mélange basement and seafloor spreading recorded 
by the Josephine supra-subduction zone ophiolite (164-162 Ma) within the forearc of the 
westem Hayfork/Wooley Creek island arc axis was followed by a trenchward jump at 
-160 Ma which lead to formation of the more westward Rogue/Chetco island arc 
(Harper, 2003) (Fig. 11.0c). The 160 Ma Wimer and 156 Ma White Rock plutons 
document the last stages of the Wooley Creek plutonic belt which is now represented as a 
more eastem remnant island arc (Fig. 11.0c).
Synorogenic erosion of older Klamath terranes generated flysch of the Upper Galice 
Formation (157-152 Ma) which was deposited (1) synchronously with Rogue/Chetco 
island arc volcanic deposits (Saleeby et al., 1982), (2) unconformably over deformed and 
potentially eroded ophiolitic units of the Central tectonic domain and (3) conformably 
over the Josephine ophiolite (Fig. 11 .Oc). Deposition o f the Upper Galice Formation 
overlapped in time with the early phase of the Nevadan orogeny (-155-150 Ma) which is 
documented by thrust faulting and imbrication of the Sexton Mountain ophiolite along 
the Orleans and Grave Creek faults and possibly lead to reactivation o f the older inferred 
detachment fault (e.g., previously documented as the Salt Creek Fault). Collectively, the 
Sexton Mountain ophiolite and the Eastem tectonic domain were thrust over units of the 
Upper Galice Formation (Fig. 1 l.Od). Movement along these early Nevadan west-vergent 
thrust faults overlapped in time with intrusion of the 156 Ma White Rock pluton (Kays, 
1995). Amphibolite facies metamorphism associated with northwestward thmsting and 
deformation a t-155-150 Ma within the May Creek units also documents early Nevadan
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deformation and metamorphism (Fig. 11 .Od). Deformation documented within basal 
mylonitic quartzites o f the May Creek schist located in the Eastem tectonic domain 
probably occurred during this metamorphic event. Reactivation of the detachment fault 
which exhumed peridotite basement of the May Creek amphibolite as a west-vergent 
thrust fault during the Nevadan orogeny seems justified since: (1) kinematic indicators 
and geochronologic analyses point to top-to-the-northwest deformation and (2) 
metamorphism documented within the May Creek units are located adjacent to this major 
stmcture.
After early Nevadan imbrication, the 139 Ma Grants Pass pluton and pyroxene 
phyric-andesite dikes were intmded into imbricated ophiolitic units and deformed Upper 
Galice Formation (Fig. 11 .Od). The pyroxene phyric-andesite dikes record melt 
generation from an enriched oceanic mantle source that was modified by subduction zone 
fluids and is clearly different from the source which produced the Sexton Mountain 
ophiolite and are significantly younger. The mid-Albian to Cenomanian (112-99 Ma) 
Hombrook Formation was deposited un-conformably on top of tectonically imbricated 
Sexton Mountain ophiolite basement within the Grave Creek basin. Following deposition, 
lithifi cation and mild deformation of the Hombrook Formation, serpentinite and brittle 
shear zones and transverse stmctures locally dissected the Sexton Mountain area (Fig. 
ll.Od).
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CHAPTER 12 
CONCLUSIONS
The Sexton Mountain area collectively represents a ~177 ± 3.5 Ma supra-subduction 
zone ophiolite complex that formed during the initial stages of island arc magmatism of 
the westem Hayfork island arc terrane (174-166 Ma). The Sexton Mountain ophiolite, in 
turn, documents the initial stages o f extension along a Middle Jurassic convergent margin 
in the Klamath Mountains province. Continued extension within the westem Hayfork 
forearc lead to seafloor spreading and formation of the 164-162 Ma Josephine ophiolite 
westward of the Sexton Mountain area. Formation of the Josephine ophiolite resulted in 
rifting o f the stabilized westem Hayfork arc axis and repositioning of island arc 
magmatism westward forming the 160-153 Ma Rogue/Chetco island arc.
Pre-Nevadan deformation has been recognized throughout the westem Paleozoic and 
Triassic belt and might be further documented in the Sexton Mountain area by analysis 
of: (1) the boundary between the Central and Westem tectonic domains which may be the 
Salt Creek fault and (2) the potential for older extensional tectonics which are inferred to 
have exhumed peridotite basement o f the May Creek amphibolite before formation and 
emplacement of the Sexton Mountain ophiolite. Pre-Nevadan deformation in the northem 
Klamath Mountains might also be established by analysis of mylonitic fabrics recorded in 
the Sexton Mountain homblende-gabbronorite bodies. Nevadan-related deformation 
occurred from -155-150 Ma which collectively resulted in imbrication, metamorphism
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and subduction-related underplating of lithotectonic units of the Middle Jurassic 
convergent margin into east dipping thrust sheets that are now represented as portions of 
the westem Paleozoic and Triassic belt and the westem Klamath belt.
The geologic setting of the Middle Jurassic convergent margin of the Klamath 
Mountains is envisioned to have been similar to the Eocene-Miocene IBM arc/backarc 
system of the westem Pacific Ocean. Collectively, some 22 m.y. years of extension 
related arc/backarc/forearc magmatism is documented in the Sexton Mountain ophiolite, 
the westem Hayfork island arc, the Josephine ophiolite and the Rogue/Chetco island arc 
before closure and imbrication of these convergent margin terranes during Nevadan- 
related orogenesis at -155-150 Ma. Pre-Nevadan deformation (170-165 Ma) is thought to 
have occurred shortly before inception of Josephine magmatism and westward stepping 
of the Middle Jurassic subduction zone.
The Middle Jurassic convergent margin o f the Klamath Mountain shares similarities 
with the tectonic switching model proposed by Collins (2002b). Supra-subduction zone 
ophiolites, island arc terranes and overlying sedimentary cover which collectively 
represent oceanic lithosphere were accreted together during episodes o f contraction that 
collectively developed into westem North American continental lithosphere. The Middle 
Jurassic tectonic history of the Klamath Mountains departs from the tectonic switching 
model of Collins (2003 b) in that periods o f extension occurred contemporaneously with 
periods of contraction, deformation and metamorphism. This relationship may explain the 
wide range of metamorphism and lack thereof within juxtaposed terranes and may also 
serve to refine tectonic crustal growth studies o f the Klamath Mountain province.
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S i0 2 99.16
A I203 0.23
T i0 2 0.002
FeO 0.053
MnO 0
CaO 0.04
MaO 0
K 2 0 0.01
N a20 0
P 205 0,006
Total 99.501
LOI (%)
Ni 8
C r 0
Sc 3
V 4
Ba 0
Rb 2
Sr 3
Zr 4
Y 0
Nb 0
Ga 0
Cu 1
Zn 0
Pb 0
La 5
Ce 11
Th 0
La ppm 0.030062
Ce ppm 0.06749
Pr ppm 0.00947
Nd ppm 0.036173
Sm ppm 0.013484
Eu ppm 0.000834
Gd ppm 0.016626
Tb ppm 0.003
Dv ppm 0.018178
Ho ppm 0.004896
Er ppm 0.0124
Tm ppm 0.001732
Yb ppm 0.010969
Lu ppm 0.001411
Ba ppm 1.686749
Th ppm 0.01549
Nb ppm 0.07889
Y  ppm 0.05764
H f ppm 0.027886
Ta ppm 0.003679
U ppm 0.006225
Pb ppm 0.094288
Rb ppm 0.206192
Cs ppm 0.321152
S r ppm 0.714432
Sc ppm 0.122433
Z r ppm 1.076216
B
T ables showing data from XRF and ICP-MS an a lyses on a 
pure quartz specim en prepared in the UNLV Rock Preparation 
room. M ethods that w ere used  in preparation of this sam ple  
w ere used  for the twenty-three rock sam ple taken from the 
Sexton  Moutain area and used  for XRF, ICP-MS, and 
Nd^'^^/Nd^^^ and Sr®®/Sr®^radiogenic iso top es for this study.
A more detailed description of this preparation technique are 
described in the M ethods section. Table A are XRF data listed 
a s  unnoim alized weight percent and trace elem en ts in parts 
per million. Table B are ICP-MS data listed in parts per million.
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BCR-1 Q TZ
S i02 0.00004 blank
AI203 0.00003 0.18
T i0 2 0.00000 0.017
FeO 0.00002 0.01
MnO 0.00000 0.005
CaO 0.00002 0.02
M qO 0.00006 0.00
K 20 0.00000 0.01
N a20 0.00007 0.00
P 2 0 5 0.00002 0.009
Ni 0.8
Cr 3.9
Sc 6.1
V 12.8
Ba 12.7
Rb 3.4
Sr 3.0
Zr 1.8
Y 1.4
Nb 1.9
Ga 5.8
Cu 4.6
Zn 5.4
Pb 11.0
La 11.6
Ce 20.5
Th 32.9
La 0.007
Ce 0.012
Pr 0.009
Nd 0.045
Sm 0.014
Eu 0.010
Gd 0.026
Tb 0.007
Dv 0.024
Ho 0.006
Er 0.021
Tm 0.006
Yb 0.023
Lu 0.007
Ba 0.258
Th 0.009
Nb 0.018
Y 0.015
Hf 0.032
Ta 0.014
U 0.014
Pb 0.204
Rb 0.057
Cs 0.014
Sr 0.115
B
Calculated lower limits of dectection (LLD) for XRF and ICP- 
MS analytical m ethods preformed on an in-house standard 
(BCR-1 ) at WSU. Table A are XRF calculted listed in weight 
percent for major oxides and in parts per million for trace 
elem ents. Calculted LLD are listed for BCR-1 and also  for a 
quartz sam ple (QTZ) in which the latter represents a  more 
reliable value. Table B are ICP-MS calculated LLD listed a s  
parts per million.
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MAP LITHOLOGIC UNITS AND FIELD DESCRIPTIONS 
Serpentinized Peridotite (Spm) -  This unit is mostly composed of tectonized peridotite 
that is serpentinized and is defined by anastomosing shear planes. This unit contains areas 
with prevalent (up to 70%) peridotite and dunite. Rare localities contain pyroxenite 
bodies (Pyx) adjacent to gabbroic bodies (Gbi) and dikes (Gbdk). Locally Spm has a 
metamorphic fabric defined by opaque oxide mineral alignment. Spm is found 
structurally underlying isotropic homblende-gabbronorite and andésite, as isolated thrust 
sheets and/or fault slivers and is also locally underlying highly deformed May Creek 
schist.
Pyroxenite (Pyx) -  Pyroxenite is found at rare localities where isotropic homblende- 
gabbronorite transitions into pyroxene-rich (>60%) gabbronorite and/or wehrlite. 
Pyroxenite is found along margins of homblende-gabbronorite dikes intruded into 
serpentinized peridotite (Spm), as xenoliths in homblende-gabbronorite bodies (Gbi) and 
locally found as clasts within the serpentinite mélange unit (Spmel). 
Hornblende-Gabbronorite (Gb) (*Gbi-isotropic, *Gbmy-mylonitized, *Gbdk-dike)
-  All homblende-gabbronorite samples are variably textured (fine to very coarse grained) 
and contain variable amounts of calcic-plagioclase, homblende and pyroxene that are 
mostly altered to greenschist facies assemblages (see petrography section). Gbi is cut by 
numerous serpentine shear zones (SPsh) and intruded by numerous dikes o f andésite 
(Andk), pyroxene phyric-andesite (PyAdk) and pyroxene basalt (Pybdk). Gbi is also 
intruded by plagiogranite dikes (Pg) and quartz-diorite plutons (Kdi) that have mafic 
enclaves. Isotropic homblende gabbronorite (Gbi) is typically found as massive (l-5km) 
structure-less bodies but also are found as dike-like (3-5m) bodies. Gbdk intruded Spm
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basement in a dike-like fashion and has pyroxenite margins and occasional Spm 
xenoliths. Mylonitized gabbronorite (Gbmy) is similar in composition to Gbi but contains 
a solid-state foliation and/or mylonitized shear zones that locally are parallel to younger 
pyroxene phyric-andesite dike-swarms. Both Gbi and Gbmy are thrust over the Upper 
Galice formation (Jgal) along the Orleans fault and is intruded by the Grants Pass, White 
Rock and Wimer plutons. Both Gbi and Gbmy are deformed by numerous brittle-faults 
and shear zones.
Andésite (And) and Pyroxene basalt bodies (Ba); Andésite (*Andk), Pyroxene basalt 
(*Pybdk), and Pyroxene phyric-andesite (*PyAdk) dikes) - The Sexton Mountain area 
contains large (l-2km) andésite and pyroxene basalt bodies and numerous dikes of 
andésite, pyroxene basalt and pyroxene phyric-andesite ranging from 0.2m-1.2m wide. 
These dikes are found intruded into Gbi, Gbmy, And and Jgal. Andésite (And, Andk) and 
pyroxene basalt (Ba, Pybdk) contain variable amounts o f calcic to sodic acicular and lath 
shaped plagioclase; equant and acicular pyroxene, homblende, opaque oxides (magnetite) 
and sulfides (pyrite) (see petrography section). Andésite and pyroxene basalt bodies and 
dikes are commonly altered to greenschist facies assemblages (see petrography section). 
Andésite and pyroxene basalt bodies contain prevalent quartz-epidote veinlets, contain 
xenoliths o f Gbi and Gbmy, are found adjacent to mylonitized gabbros and as deformed- 
clasts within Gbmy and contain sheared contacts. Andésite and pyroxene basalt bodies 
are spatially constrained to structural levels above and adjacent to gabbroic bodies and 
also found structurally above the serpentinite matrix mélange unit (Spmel). Andésite and 
pyroxene basalt bodies commonly exhibit extreme brittle faulting and locally are cut by 
serpentinite shear zones (Spsh). Pétrographie examination of Ba reveals chilled margins
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with immiscibility textures and clinopyroxene accumulations with sedimentary structures 
(fining upward sequences). Dikes o f andésite, pyroxene basalt and pyroxene phyric- 
andesite are found intruded into large gabbroic bodies that commonly have chilled 
margins and xenoliths o f the host rock within them.
*Plagiogranite Dikes (Pg) -  Plagiogranite dike are found as -30cm  wide, sub-parallel dike 
swarms intruded locally into Gbi, Gbmy and And. Plagiogranite dikes exhibit chilled margins 
and locally are preferential sites for younger brittle faulting.
Talc-anthophyiiiite-quartz schist (Tsch) - This unit is found only along the contact between 
Gbmy and underlying Spm at Walker Mountain. This locality consists of a 3-10m wide zone of 
talc and anthophyllite bearing schist with numerous quartz veins.
Serpentinite matrix mélange (Spmel) - A northeast-trending tectonized-serpentine 
matrix mélange body is found in the Western tectonic domain. This body is 
approximately 2-3km wide and contains steeply east-dipping (70°-80°) shear planes. This 
unit contains a variety o f lithologies in the form of "‘blocks” that are bound by 
anastomosing serpentinite shear planes that flow around them. Clasts predominantly 
range in size from small boulders (0.2m) to house sized (10m-30m). Large sedimentary 
blocks are found within the mélange and range in size from 1 km-3km long and parallel 
the trend o f the mélange unit. Clasts are predominantly mantle sequences (ie. peridotite, 
pyroxenite) but vary lithologically along strike. Most clasts have characteristics of 
adjacent country rock, but “exotic” lithologies occur throughout the unit. In the Sexton 
Mountain area clasts consist o f very fine grained basalt with plagioclase phenocrysts, 
fine-grained gabbro, meta-gabbro, pyroxenite, folded-plagiogranite dikes, homblende- 
phyric andésite, chert and anthophyllite-bearing meta-dunite. East of Sexton Mountain
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clasts consist of olivine bearing?-peridotite, very fine grained basalt?, chert?, and 
chloritized-pyroxenite. Near St. Paul Mountain, clasts are dominantly inter-bedded 
ribbon chert and finely laminated shales, andésite with plagiogranite dikelets, fine 
grained homblende gabbro, dacite, slate and volcaniclastic shales. At Post Mountain large 
clasts o f slate, phyllite, finely laminated phyllite and very fine grained basalt occur. Near 
Peak X-4109 in the Northern portion of the field area clasts consist o f dunite, ribbon 
chert, diorite, very fine grained siliceous plagiogranite? and gabbro. The Spmel unit 
underlying and near King Mountain is dominantly tectonized serpentinite and is 
structurally overlain by coarse grained pyroxene basalts that are chaotically disrupted by 
serpentinite shear zones (SPsh). Near Post Mountain, an isolated highly-altered mafic 
dike intruded the mélange unit and has sharp chilled margins.
Serpentinite Shearzones (Spsh) -  Serpentinite shearzones cut all lithologies including 
the Cretaceous Hombrook Formation. These shear zones are l-500m wide, steeply 
dipping and composed completely of serpentine. Locally the serpentinite contains fibrous 
antigorite. Shear zones exhibit a range of orientations but locally are parallel.
May Creek amphibolite (Mca) -  Amphibolite consists of dark greenish gray to black, 
well-foliated and lineated homblende-plagioclase schist or gneiss (Donato, 1991). The 
May Creek amphibolite is highly deformed and derived from a gabbroic-basaltic protolith 
(Donato, 1991). The steeply dipping Salt Creek fault places the May Creek amphibolite 
adjacent to serpentinized peridotite (Spm) and schists (Mes) of the Eastern tectonic 
domain.
May Creek schist (Mes) -  The May Creek schist consists of highly deformed quartzite 
mylonite and ampibolites that are structurally overlain by quartz-biotite-white mica ±
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feldspar ± garnet schist and foliated meta-basites. These meta-sedimentary and meta- 
igneous rocks structurally overly serpentinized peridotite and dunite in the Eastern 
tectonic domain. Locally the May Creek schist units are imbricated together along with 
underlying ophiolitic units as fault-blocks within a series o f steeply southwest dipping 
sub-parallel shearzones (SPsh).
Upper Galice Formation (Jgal) -  The Upper Galice Formation consists of micaceous 
quartzite and black foliated slates and sandstones that are locally folded and highly 
strained. The Upper Galice Formation occurs at two localities in the field area; (1) 
structurally underlying the Orleans fault in the Western tectonic domain and (2) 
structurally overlying ophiolitic units o f the Central tectonic domain. Where the Upper 
Galice Formation is found structurally underlying the Orleans fault, these meta-sediments 
contain very high strain indicators (ie. delta porphyroclasts), pytgmatically folded quartz 
veins and exhibits large scale folding. In the Central tectonic domain the Upper Galice 
Formation contains well developed slatey cleavage, is intruded by pyroxene phyric- 
andesite dikes and locally contains a stretched pebble conglomerate composed o f chert 
pebbles and volcanic detritus along basal exposures.
Hornbrook Formation (mid-Albian to Cenomanian 112-99 Ma) (Khb) -  Where 
identified this unit consists o f lithified greywackes with conglomeratic beds and also 
unconsolidated, poorly sorted, red fluvial sandstones and coarse conglomerates. This unit 
is located in an isolated basin in the central portions of the field area. Undeformed 
greywackes are found structurally above deformed Upper Galice Formation slates and 
contain steeply east dipping conglomeratic beds composed of gabbroic and dioritic 
pebbles and pelecyepods and gastropod fossils. The red fluvial sandstones and
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conglomerates are located in the lowermost portions o f the basin and are locally cut by 
serpentinite shearzones (Spsh).
Large plutonic bodies {Wimer-160 Ma (WP), Whiterock- 156 Ma (WR), Grants 
Pass-139 Ma (G PP),} - Large (> 5 miles in diameter) Jurassic through Cretaceous 
plutons that are preferentially weathered and are now large low lying valleys. These 
plutons have intruded varying lithologie units and have locally intruded bounding 
structures and older terranes (Wimer- Gb, Spm, Mes; Whiterock- Gb, Ba/And?, Spm, 
Spmel?, Mca; Grants Pass- Spm, Gbi, Jgal, Orleans fault).
Quartz Diorite Plutons (Kdi) -  This unit is composed o f isolated quartz diorite plutons 
that locally intruded serpentinized mantle, isotropic homblende-gabbronorite and 
pyroxenite. A Cretaceous age has been assumed by Page et al., 1977 and 1978. This unit 
was not studied in detail.
Undifferentiated quaternary units (Qa) - This unit is mostly fluvial sediments and 
valley fill and was not studied in detail.
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A P P E N D IX  C , P A R T  1
PETROGRAPHIC AND KINIMATIC DATA FOR 
MAY CREEK SCHIST SAMPLES 
LOCATED ON PLATE 1
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Quartzite mylonite 
Sample # 1
This sample is composed of very fine grained mylonitic quartzite with pelitic layers 
that contain biotite and inclusion rich-gamet that looks to be detrital. Quartz is composed 
of inequigranular equant polygonal to sub-polygonal crystals but are elongated in the 
more pelitic layers. Quartz exhibits sweeping undulose extinction and has been 
recrystallized by subgrain rotation. This sample is weakly asymmetric if at all but 
exhibits a slight dextral fabric shown by della porphyroclasts of biotite and quartz. Two 
orientations of biotite are observed in this sample one is parallel to the c surface (as is 
quartz long axis) and one is parallel to c-prime.
Pelitic schist: Quartz-biotite-white mica-gamet schist 
Sample # ’s 3a, 6,12
These samples are composed of medium grained quartz-biotite-white mica-equant 
garnet schist that have alternating quartz and mica rich layers. Quartz is equigranular 
equant with polygonal to sub-rounded grain boundaries. Larger quartz ribbons exhibit 
deformation bands and serrate-bulging grain boundaries and commonly has sweeping and 
rarely patchy undulose extinction. The long axis o f quartz and biotite grains align parallel 
with C surfaces, basal cleavage of white mica and biotite align with S-surfaces and 
numerous antithetic shear bands “C-prime” have white mica orientated parallel to them. 
Delta porphyroclasts of quartz with biotite and white mica strain fringes are observed and 
contain internal white mica inclusion trails. Delta porphyroclasts also exhibit core and 
mantle structures and deformation bands in quartz show the opposite sense o f shear. An
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overall dextral sense of shear might be superimposed on sinistral sense o f shear by these 
opposing kinematic indicators.
Meta-basite: Pyrite bearing -amphibolite 
Sample # 's 2 ,3b, 8
These samples are composed of a very fine grained matrix o f quartz and amphiblole 
with quartz and pyrite porphyroclasts. Quartz exhibits sub-polygonal grain boundaries 
and sweeping undulose extinction. Sample 2 and 3b possibly contain two composite 
foliations which inhibits sense o f shear analysis. Both dextral and sinistral porphyroclasts 
are located in these samples. Sample 8 contains beautiful quartz strain-fringes on pyrite 
crystals that define sinistral sense of shear. These strain fringes contain inclusions of 
amphibole that grew during deformation. This sample has well developed S and C 
surfaces.
May Creek amphibolite 
Sample # 7
This sample is composed of a fine grained pale green amphibole matrix with numerous 
feldspar porphyroclasts. Feldspar porphyroclasts are highly sausseritized, exhibit grain 
size reduction and core and mantle structures. Beautiful sigmoidal feldspar 
porphyroclasts are evident in this sample and show syn-defoimational growth o f 
amphibole within quartz strain fringes. Synthetic C-prime shear bands cause back 
rotation of feldspar porphyroclasts in a domino-like structure and have amphibole 
growing parallel to them.
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APPENDIX C, PART 2
TABLE SHOWING MEASURED FOLIATION PLANES, 
LINEATIONS AND SENSE OF SHEAR 
FOR SAMPLES FROM PLATE 1
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A P P E N D IX  D
MAJOR AND TRACE ELEMENT ABUNDANCES
153
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S am p le SM ab SM ba MGab MGba PM ab PMba KMba
Unit N am e Gbi Andk Gbi Pybadk Gbi Andk Ba
Alteration m s s s i f m
S i0 2 5 1 .8 2 5 0 .78 4 8 .6 3 4 9 .9 7 5 1 .0 8 52 .20 52 .66
A I2 0 3 22.01 15 .85 18 .98 1 5 .2 9 1 5 .1 3 16 .87 15.47
T i0 2 0 .36 0 .63 0 .2 5 0 .86 0 .2 3 0 .5 5 1.41
F eO 4 .3 3 7.11 4 .56 9 .19 4 .41 7 .1 6 10 .12
MnO 0 .0 9 0 .10 0 .09 0 .17 0 .1 0 0 .13 0 .19
CaO 10 .86 11 .70 15 .77 12.11 1 5 .2 0 9.81 8 .00
MgO 5.35 10 .25 8 .76 9.21 1 1 .0 5 8 .4 7 6 .2 8
K 2 0 0 .45 0 .25 0 .14 0 .08 0 .0 7 0 .2 3 0 .13
N a 2 0 4 .0 5 2 .3 9 1.75 2.11 2 .2 6 3 .50 4 .9 7
P 2 0 5 0 ,04 0 .08 0.01 0 .07 0.01 0 .0 7 0 .13
LOI (%) 1.51 1.02 1 .87 1.04 3 .2 9 2 .2 4 2 .23
Total 9 9 .3 6 9 9 .1 3 9 8 .9 5 9 9 .0 6 9 9 .5 4 98 .99 99 .36
T race e lem en ts  in ppm (XRF)
Ni 31 145 93 71 12 4 90 37
Cr 31 422 500 308 65 2 2 5 83
S c 25 36 32 39 47 35 41
V 118 185 138 2 46 1 4 2 2 1 4 309
Ba 38 42 30 20 33 52 43
Rb 6 3 2 2 2 3 2
Sr 231 245 372 149 149 471 26 0
Zr 35 46 14 42 13 43 83
Y 9 15 8 22 8 16 31
Nb 3 2 0 2 1 2 3
G a 13 13 13 15 8 12 19
Cu 6 10 58 97 44 30 45
Zn 2 9 15 21 56 15 30 59
Pb 0 0 0 0 0 0 0
La 5 0 0 0 7 3 3
C e 0 0 4 0 0 0 22
Th 3 1 1 1 0 0 1
Table 8.1. Major and se lected  trace elem ent data for rock 
sam p les taken from the Sexton Mountain area. Data w as  
collected using X-ray fluorscence spectrom etry (XRF) at 
W SU. Sam ples are labeled a s  on the location m ap (Fig. 8.0). 
Rock types are described in Appendix B. Alteration labels: f- 
fresh (<5%), m -m oderately altered (<30%), s-strongly altered 
(30-50%), i-intensely altered (>50%). Major O xides are listed 
a s  unnormalized weight percentages. Trace e lem en ts are 
listed in parts per million (ppm).
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Sam ple EM10 EMU EMcdx EM09 EM3a EM3b NEabI NEob3
Unit Name Ba Gbi Pyx PyAdk PyAdk PyAdk Gbi Gbi
Alteration s s m f f f i i
S i0 2 52.94 50.30 48.51 50.50 50.11 48.39 44.37 53.90
AI203 14.74 14.34 13.35 14.40 14.47 13.23 20.09 17.19
Ti02 1.48 0.99 0.32 1.20 1.18 1.16 0.25 0.73
FeO 9.55 8.99 7.24 9.17 9.30 9.66 7.14 7.90
MnO 0.18 0.18 0.14 0.17 0.17 0.19 0.13 0.11
CaO 10.15 13.14 15.74 11.51 9.67 10.40 19.27 8.71
MgO 6.82 9.48 13.09 9.68 9.93 13.32 7.32 6.47
K 20 0.08 0.05 0.06 0.12 0.87 0.59 0.08 0.26
N a20 2.81 1.87 0.84 2.42 2.85 1.80 0.21 4.21
P 2 0 5 0.14 0.03 0.01 0.18 0.18 0.17 0.02 0.13
LOI (%) 0.77 1.28 1.94 2.74 2.17 2.61 1.98 1.07
Total 98.88 99.37 99.31 99.35 98.74 98.91 98.89 99.60
Trace elem ents in ppm (XRF)
Ni 60 117 204 167 116 345 104 30
Cr 136 441 550 633 533 1025 48 35
Sc 39 44 55 30 32 38 32 36
V 294 321 183 241 255 251 298 282
Ba 26 9 42 14 199 136 37 42
Rb 1 1 2 0 12 5 3 3
Sr 128 110 73 246 311 260 87 255
Zr 95 30 13 95 102 87 19 54
Y 33 16 10 21 22 20 6 14
Nb 4 2 2 9 7 8 1 2
Ga 15 11 14 19 16 14 17 16
Cu 1 13 211 54 68 57 3 213
Zn 83 61 33 69 72 79 37 22
Pb 0 0 3 0 7 3 2 1
La 5 0 0 15 9 8 4 10
Ce 15 1 1 22 22 6 1 6
Th 0 2 0 2 1 1 1 0
T a b le  8.2. M a jo r and se lec ted  trace  e le m e n t da ta  fo r  rock sam p les 
ta ke n  from  th e  S exton  M o un ta in  area. D a ta  w a s  co llec ted  us ing  X - 
ray  flu o rsce n ce  sp e c tro m e try  (X R F ) a t W S U . S am p les  a re  labe led  as 
on  th e  loca tion  m ap  (F ig. 8.0). R ock typ e s  a re  described  in A ppend ix  
B. A lte ra tio n  labels; f- fre sh  (<5% ), m -m o d e ra te ly  a lte red  (<30% ), s- 
s tro n g ly  a lte red (30-50% ), i- in te n se ly  a lte red  (>50% ). M a jor O x ides 
a re  lis ted  as unno rm a lized  w e ig h t pe rcen tages . T ra ce  e lem en ts  a re  
lis ted  in pa rts  pe r m illion  (ppm ).
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Sample W M ab W Mba W M oa2 RMba RMab RMDQ LGba GCab
Unit Name Gbi And Pg And Gbmy Pg Ba Gbmy
Alteration s d d s d m f d
S i02 51.34 50.08 65.12 45.43 49.40 62.86 53.71 48.71
A I203 15.53 17.77 17.34 15.24 14.13 16.97 15.37 15.86
T i0 2 0.36 1.34 0.24 1.34 0.59 1.36 1.80 0.41
FeO 6.20 10.13 3.81 11.96 8.20 2.41 10.67 6.58
MnO 0.15 0.16 0.02 0.18 0.16 0.04 0.16 0.14
CaO 13.50 11.00 6.60 14.19 11.58 6.50 6.19 13.23
MgO 10.67 6.08 0.29 8.45 12.14 2.21 5.64 11.94
K 20 0.05 0.07 0.06 0.06 0.08 0.06 0.13 0.06
N a20 1.87 2.80 5.62 1.79 2.58 6.30 5.43 2.37
P 2 0 5 0.01 0.09 0.01 0.01 0.04 0.29 0.18 0.01
LOI (%) 1.63 1.68 1.18 3.59 3.12 1.19 1.67 2.61
Total 99.68 99.53 99.11 98.66 98.90 99.00 99.28 99.31
Trace elements in ppm (XRF)
Ni 97 24 5 82 234 19 36 219
Cr 136 26 8 110 659 5 49 720
Sc 47 39 7 49 40 28 30 39
V 183 347 69 633 171 170 329 171
Ba 14 24 19 17 10 26 19 16
Rb 2 0 2 1 2 2 2 1
Sr 107 149 220 152 146 172 97 156
Zr 12 17 34 15 35 281 119 14
Y 10 17 6 10 16 59 41 11
Nb 0 1 1 2 3 5 3 2
Ga 12 18 24 15 13 15 17 9
Cu 147 0 8 101 82 0 15 87
Zn 37 37 1 56 43 4 62 40
Pb 0 1 0 2 0 0 0 0
La 9 0 5 0 6 14 2 0
Ce 0 4 17 7 0 38 9 20
Th 0 1 0 1 0 0 0 0
Table 8.3. Major and se lected  trace elem ent data for rock sam ples  
taken from the Sexton Mountain area. Data w as collected using X- 
ray fluorscence spectrom etry (XRF) at WSU. Sam ples are labeled as 
on the location m ap (Fig. 8.0). Rock typ es are described in Appendix 
B. Alteration labels; f-fresh (<5%), m -m oderately altered (<30%), s- 
strongly altered (30-50% ), i-intensely altered (>50%). Major O xides 
are listed a s  unnormalized weight percentages. Trace elem ents are 
listed in parts per million (ppm).
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Sample SMab SMba MGab MGba PMab PMba KMba
Unit Name Gbi Andk Gbi Pybdk Gbi Andk Ba
Alteration m s 
Trace elements in ppm (ICP-MS)
s s i f m
La 2.03 4.05 0.75 1.71 0.36 2.96 3.34
Ce 4.51 8.48 1.78 4.54 1.04 6.72 9.29
Pr 0.62 1.14 0.28 0.72 0.18 0.95 1.51
Nd 2.95 5.64 1.65 4.24 1.15 5.01 8.43
Sm 0.92 1.79 0.74 1.86 0.55 1.71 3.24
Eu 0.45 0.66 0.40 0.79 0.25 0.59 1.17
Gd 1.19 2.14 1.09 2.91 0.89 2.10 4.36
Tb 0.22 0.37 0.21 0.57 0.17 0.38 0.83
Dy 1.49 2.47 1.43 3.91 1.14 2.51 5.47
Ho 0.32 0.52 0.30 0.85 0.24 0.54 1.16
Er 0.89 1.42 0.80 2.35 0.67 1.52 3.27
Tm 0.13 0.20 0.12 0.35 0.09 0.22 0.48
Yb 0.85 1.28 0.67 2.17 0.57 1.40 2.99
Lu 0.14 0.20 0.11 0.34 0.09 0.23 0.47
Ba 27.92 24.60 15.52 8.58 6.63 26.49 37.27
Th 0.30 0.63 0.10 0.12 0.03 0.47 0.26
Nb 0.91 1.37 0.18 1.28 0.07 0.81 1.43
Y 8.23 13.33 7.32 21.81 6.15 14.15 30.83
Hf 0.94 1.06 0.32 1.22 0.25 1.05 2.27
Ta 0.07 0.10 0.02 0.09 0.01 0.06 0.11
U 0.10 0.16 0.03 0.04 0.01 0.16 0.11
Pb 0.46 0.18 0.29 0.19 0.09 0.12 0.17
Rb 4.74 2.56 1.76 0.37 0.27 2.56 1.16
Cs 0.28 0.17 0.20 0.07 0.02 0.32 0.13
Sr 222.78 237.23 360.56 146.80 129.30 439.26 279,08
Sc 26.28 39.52 44.34 39.79 48.42 36.26 38.96
Zr 30.90 36.21 8.43 35.76 6.15 32.84 73.88
Table 8.4. S elected  trace elem ent data for rock sam p les taken 
from the Sexton Mountain area. Data w as collected using 
inductively coupled p lasm a-m ass spectrom etry (ICP-MS) at 
W SU. Sam ples are labeled a s  on the location map (Fig. 8.0). 
Rock types are described in Appendix B. Alteration labels: f- 
fresh (<5%), m-moderately altered (<30%), s-strongly altered  
(30-50% ), i-intensely altered (>50%). Trace e lem en ts are 
listed in parts per million (ppm).
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Sample EM10 EM11 EM cdx E M 09. EM3a EM3b NEab1 NEab3
Unit Name Ba Gbi Pyx PyAdk PyAdk PyAdk Gbi Gbi
Alteration s s m f f f I I
Trace elements in ppm (ICP-MS)
La 3.14 0.92 0.29 8.15 8.67 7.77 1.09 4.71
Ce 9.29 2.85 0.78 17.30 17.89 16.52 2.25 10.50
Pr 1.54 0.52 0.18 2.31 2.38 2.23 0.31 1.51
Nd 8.64 3.19 1.32 11.03 11.11 10.57 1.48 7.45
Sm 3.40 1.43 0.72 3.18 3.25 3.13 0.49 2.27
Eu 1.13 0.78 0.36 1.10 1.09 1.12 0.45 0.82
Gd 4.63 2.23 1.29 3.56 3.48 3.38 0.65 2.45
Tb 0.87 0.43 0.25 0.60 0.60 0.57 0.12 0.42
Dy 5.85 3.02 1.74 3.75 3.73 3.47 0.85 2.68
Ho 1.25 0.65 0.37 0.76 0.76 0.68 0.20 0.56
Er 3.51 1.79 1.00 1.94 2.01 1.83 0.58 1.50
Tm 0.50 0.25 0.14 0.28 0.28 0.25 0.09 0.23
Yb 3.16 1.53 0.81 1.70 1.75 1.54 0.60 1.48
Lu 0.49 0.24 0.12 0.27 0.27 G 24 0.10 0.23
Ba 10.37 6.18 11.29 15.65 181.80 116.60 31.37 27.93
Th 0.20 0.05 0.02 1.12 1.17 0.95 0.16 0.63
Nb 1.74 0.39 0.03 6.36 6.43 6.95 0.30 1.06
Y 33.39 15.97 9.10 20.02 19.89 18.59 5.17 14.69
Hf 2.54 0.76 0.26 2.32 2.40 2.18 0.40 1.42
Ta 0.13 0.03 0.00 0.42 0.65 0.46 0.03 0.08
U 0.09 0.02 0.00 0.34 0.36 0.32 0.07 0.23
Pb 0.25 5.63 0.11 2.00 5.20 2.05 1.02 0.54
Rb 0.29 0.38 0.74 0.59 10.09 5.58 0.94 1.86
Cs 0.04 0.10 0.01 0.01 0.23 0.14 0.06 0.08
Sr 127.62 108.47 67.76 240.29 289.29 262.98 90.45 248.09
Sc 42.47 45.68 56.95 38.99 35.76 37.60 30.94 35.36
Zr 89.46 22.54 5.16 85.59 86.23 80.11 12.73 48.32
Table 8.5. S elected  trace elem ent data for rock sam ples taken from 
the Sexton Mountain area. Data w a s  collected using inductively 
coupled plasm a-m ass spectrom etry (ICP-MS) at WSU. Sam ples are 
labeled a s  on the location m ap (Fig. 8.0). Rock types are described  
in Appendix B. Alteration labels: f-fresh (<5%), m-moderately altered 
(<30%), s-strongly altered (30-50% ), i-intensely altered (>50%). 
Trace elem en ts are listed in parts per million (ppm).
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Sample W M ab W M ba W Moa2 RMba RMab RMoa LGba GCab
Unit Name Gbi And Pg And Gbmy Pg Ba Gbmy
Alteration s d d s d m f d
Trace elements in ppm (ICP-M S)
La 0.26 0.88 1.67 0.29 1.04 7.11 4.37 0.39
Ce 0.84 2.51 3.68 0.95 3.21 20.76 12.74 1.27
Pr 0.18 0.49 0.52 0.21 0.54 3.31 2.07 0.25
Nd 1.23 3.24 2.61 1.42 3.30 17.55 11.92 1.63
Sm 0.65 1.56 0.76 0.78 1.41 6.24 4.50 0.83
Eu 0.43 1.04 1.02 0.41 0.61 1.34 1.63 0.40
Gd 1.08 2.33 0.88 1.28 2.04 7.96 6.18 1.34
Tb 0.22 0.44 0.15 0.26 0.39 1.49 1.16 0.26
Dy 1.55 2.99 0.95 1.85 2.65 9.87 7.60 1.80
Ho 0.34 0.65 0.19 0.38 0.57 2.14 1.63 0.38
Er 0.96 1.74 0.55 1.02 1.55 6.07 4.50 1.02
Tm 0.14 0.26 0.08 0.15 0.23 0.91 0.65 0.15
Yb 0.87 1.61 0.50 0.89 1.43 5.77 4.01 0.84
Lu 0.13 0.25 0.08 0.14 0.22 0.90 0.64 0.13
Ba 3.22 15.60 6.36 4.90 6.38 11.76 16.27 6.00
Th 0.01 0.02 0.05 0.02 0.07 0.67 0.23 0.02
Nb 0.04 0.30 0.33 0.09 0.51 4.09 2.29 0.07
Y 8.59 16.21 5.02 9.55 15.15 59.30 42.02 9.46
Hf 0.24 0.45 0.98 0.33 0.87 7.84 3.29 0.33
Ta 0.00 0.03 0.02 0.01 0.04 0.31 0.18 0.01
U 0.00 0.00 0.02 0.01 0.03 0.28 0.10 0.00
Pb 0.09 0.21 0.10 0.08 0.17 0.04 0.37 0.07
Rb 0.32 0.55 0.37 0.41 0.55 0.18 1.08 0.57
Cs 0.06 0.06 0.01 0.03 0.18 0.01 0.16 0.05
Sr 108.57 144.74 246.38 144.14 142.95 166.49 93.03 152.49
Sc 48.65 38.56 4.60 51.28 41.81 23.87 35.14 42.29
Zr 5.49 10.73 35.64 8.34 28.45 302.26 112.71 7.36
Table 8.6. S e lec ted  trace elem ent data for rock sam p les taken from 
the Sexton Mountain area. Data w as collected using Inductively 
coupled p lasm a-m ass spectrom etry (ICP-MS) at WSU. Sam ples are 
labeled a s  on the location m ap (Fig. 8.0). Rock types are described  
in Appendix B. Alteration labels: f-fresh (<5%), m-moderately altered 
(<30%), s-strongly altered (30-50% ), i-intensely altered (>50%). 
Trace e lem en ts are listed in parts per million (ppm).
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Andésite P yroxene Basalt P yroxene phyric- 
Andesite d ikes
Plagiogranite
dikes
S a m p le  R a n g es  
SiOz 44-53 wt% 45-52 wt% 49.9-53 .7  wt% 48.4-50.1 wt% 62.8-65.1 wt%
KzO 0.05-0 .26  wt% 0.06-0 .23  wt% 0.08-0 .13  wt% 0.12-0 .87  wt% 0.06  v4%
NazO 0.21-4.21 wt % 1.79-3.5 wt% 2.11-5 .43  wt% 1.8-2.85 wt% 5.62-6 .3  wt%
FeO 4.3-8 .9  wt% 7.1-11 .9  wt% 9.2-10 .7  wt% 9.1-9 .6  wt% 2 .4 -3 8  wt%
MgO 5-12wt% 6.1-10.3wt% 5.6-9  2 wt% 9.6-13 .3  wt% .29-2.2  wt%
TiOz 0 .23-0 .99  wt% 0.55-1 .34  wt% 0.86-1 .8  wt% 1.16-1.2 wt% .24-1.36 wt%
Mg# 45.0-71 .5 37 .5-59 .0 34.6-50.0 51.3-57 .9 7 .0 8 ^ 7 .8
A veraged  v a lu es  
Mg# 58.5 48.0 41 .10 53.6 n/a
KzO 0.14  wt% 0.15  wt% 0.11 wt% 0.53  wt% 0.06  wt%
CD
Q.
Table 8.7. R an ges of unnormalized weight percents for se lected  major oxides within each  geochem ical 
grouping excluding pyroxenite, which has only on e  sam ple. S e lec ted  averaged va lues are a lso  listed.
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Sam ple Unit A ssigned M easured and Corrected Calculated Values
Type A ge (Ma)
143Nd/144Nd 87gr/86sr Epsilon Nd Sri
MGqb Gbi 200 0 .51320  0 .70377 9 .75775 0 .70373
MGba Pybdk 200 0 .51322  0 .70358 10 .24039 0 .70356
WMgb Gbi 200 0 .51327  0 .70273 9 .83636 0 .70270
WMpg pq 200 0 .51309  0 .7 0 2 9 6 9 .78278 0 .70295
EM10 Ba 200 0 .51314  0 .70309 9 .44749 0 .70307
EM11 Gbi 200 0 .51320  0 .70317 9 .64744 0 .70314
EM09 PyAdk 200 0 .51295  0 .70317 7 .16894 0 .70315
EM3b PyAdk 200 0 .51297  0.70321 7 .55838 0 .70304
SM gb Gbi 200 0 .51313  0 .70380 10.25071 0 .70362
SMba Andk 200 0 .5 1 3 0 8  0 .70350 9.31311 0.70341
Table 8.8. S elected  sam p les taken from the Sexton  Mountain area that w ere  
analyzed for ®‘̂ Sr/®®Sr and isotopes. M easured and Corrected values
w ere determ ined at the Isotope G eochem istry Lab at the University of K ansas. An 
assig n ed  a g e  of 200M a w a s used  to calculate Epsilon Nd and Sri (initial ^^Sr/®®Sr) 
values.
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Plate 1. Geological Map of the Eastern Tectonic Donnain, 
Sexton Mountain area, SW Oregon
Map modified from Page et al. (1978)
Map Legend
Intrusions and Shearzones
□  W P -160 Ma Wimer Pluton
■  Kdi- Cretaceous? quartz-diorite 
0  Spsh- Serpentinite shear zones
Overlap assem blages
H  Khb- Mid-Albian Hornbrook Fm.
□  Jgal- Galice Formation
Sexton Mountain area ophiolitic rocks 
H  Gb- Hornblende-gabbronorite
□  Pyx- Pyroxenite
Spm- Serpentinized Peridotite
May Creek Terrane
Q  Mes- May Creek Schist 
n  Mcb- May Creek Metabasite
□  Mcqm- May Creek Quartzite Mylonite
■  Mca- May Creek Amphibolite
□  Area Not Mapped
A
Inferred Thrust Fault, teeth on upper plate
Foliation-vertical 
Foliaticn-strike and dip amount
^  Lithologie Contact -Commonly faulted
\  Lithologie Contact- Inferred
y Measured fault-showing dip direction 
and magnitude
\ 4 5  Lineation- Foldhinge, stretching llneation 
\  Sense of shear direction
^  Sample used for kinematic analysis
of  Unknown
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SCALE 1:24000
1 M ILE1/2
1 KILOMETER
CONTOUR INTERVAL 40  FEET 
Topo lines vtere derived from 30-m OEM's of Ihe WImer and King M ountain Q uadrangles 
using Vertical M apper soflvrare an d  assem b led  in ArcVievr.
Ttie projeclion is UTM zone 10 and th e  datum  is NAD 27.
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